Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



DiailizodbvGoOgle 



I 



:,, Google 



I m 



BCU - Lausanne 



•1 0S4382647* 



DiailizodbyCoO^If 



=d by Google 



:), Google 



=d by Google 



OUTLINES 



NATURAL PHILdSOPHY. 



D,a,l,;t!d'byGpOgIe 



=d by Google 



NATURAL PHILOSOPHY, 

BIIHQ 

HEADS OF LECTURES 

DELITEBED IN THE UNIVEESITT OF EDINBURGH, 



JOHN PLAYFAIR, 



A^ ^Jt/z, 



EDINBURGH : 

PRINTED BY NEILL ^ CO. 

FOR ABC»IBftLD CONSTABLS AND COHPANY, EDINSUHOH, 

AND LONOUAN, HURST, RBES, ORHB & BROWN, 

AND CADKLL ft. DATISS, 

LOKDOK. 

1814. 



=d by Google 



.'t /..i !/<-'< 



I*iyt(>n^ 



. DiailizodbvGoOglc 



CONTENTS 



VOLUME SECOND. 



ASTEONOMY. 

Past I. 



SiCT 


1. 


Filed Stan, and tbe Clicks of the 








Sphere, 


Pag. I 


— 


2- 




31 





3. 


FifVe pf the Berth, 


39 





4. 




S9 





5. 


Parallaxes, 


72 


_^ 


a. 


Motionof the Sun, 


80 






Appare&t Orbit of the Sod, 


91 






Secular Variation in the apparent 






Motion of the Sun, 


112 






The Sun's BotaUon on his Aiis, 


lis 


V— 


7. 


Motion of the Moon, 


123 






Moon's (Mnt, 


126 






Moon's Barolution on her Azis, 


132 


r»— • 


«. 


Edipees, 


13S 



DiailizodbvGoOgle 



CONTENTS. 




Sect. S, 




Eclipses of the Moon, Pagt 138 


Eclipses of the Sun, 


14S 


NomberofEdipseSi 


153 


, 9. Planets, - . • . 


155 


Orbits of the Planets, ' - 


170 


flotation of the Planets, 


178 


10. SeomdRiy Planets, 


180 


Ring of Saturn, 


189 


. 11. ComMS, - — 


193 


12. Aberration of Light, and the Nuta. 




tiohoftheEarth'aAib, 


200 


13. Dimensions ofthe Solar System, 


.209 


14. The Annual Parallax, and Distance of 




the Fixed Stars, 


214, 



A*p£NiMK.- Go the Mrtliod of deier- 
mlning by obserration the con- 
stant cbefflcieirts in an assumed 
or given Function of a vdriaole 
Quantityi - 



i ■ Part II. PairsiCAi AsraeHouY. 

• SicT. 1. Forces wbi|^ ii^^in .{Jk Planets in 

tlwar OrbiM. - 229 

■p— - 2. Forces which distHrb .^ f£B^cd ~ - 

Motions of tiiePlwiStB* - 245 

Diatiffbance of ^e. MoOP^a Kotion, 24T 

M— 3. Suturbance in the Motignq, lef ttte ' - 

^ Frimuy 



DiailizodbvGoOgle 



CONTENTS. vu 

Primary Flanetd, from their action 
on one another, . - Pagt 365 

Sect. 4. IMsturbancs in the Motion of the Sa- 
tellite! of Jupiter from their ac- 
On one another, - 284 

General result from the theory of 
the Pknetaty Difturbtacei, SSd 

■ ft. Attraction of Spheres and Sphenuds, S91 

& Figure of the Earth, - 296 

I 1. FrecesBiOB of the Equinoxes, - 308 

Variation of the Diurnal Rotation, 918 
Variation of the Obliquity of the 
Ecliptic, . '321 

— ^ 8. Ezplani^cm of the Fhenomaia of tiie 

Tides, - - 326 

Friodple of YJnrreml GraTitation, 339 



DiailizodbvGoOgle 



ailizodbvGoOglc 



0UTLI1«:S 



NATURAL PHILOSOPHY. 



ASTRONOMY. 

eAiiT' I. 
Sect. L 

br tbe fixed stabs, and tbk cjhcleb of th£ 

SPHERE. 

]. iVhbn we look at the heavens in a clear 
night, all the stars appear at the same distance 
from us, and there&re seem to be situated in the 
surface of a sjilMie havtag the eye for its centre; 

2. If we t^e a Tiew of the stars again, in the 
course of the . lame nighty we find that they 
fetain their positions rehttively to one another, 
but have changed them relatively to the earthy 
having ail htad^ a progress toward the weSt, where 
some have set, while othets have fisen in the east^ 

Vol. IL A More 
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S OUTLINES OP NATURAL PHILOSOPHIT. 

More zttentive and continued observation shews^ 
that they all describe . circles having the same 
point for their Pole, or that from which the parts 
of the same circumference are all at an equal dis- 
tance. 

The stars, thei-eforei move exactly as if they were 
fixed ID the surface of a sphere, which revolved on 
ita axis in a space of time nearly equal to 24 hours. 
Thia motion, wluch is comniOD to all the heavenly 
bodies, is called the Diurnal Motion. 

3. If we observe the place of the Moon on 
two successive nights,, we', shall find that she 
changes her position among the stars, and ad- 
vances to the' eastvpartl at the rate nearly of 13 
degrees in 24 hours; so that she completes the 
circle of the heavens in 27 days nearly. 

a. Not only the Moon, but the Sun, and' teii other 
stars, (five ofthein visible only with the teleHC<^), 
besidea the dfurnsl' molfoh, Have motions east- 
ward^ relativs^ lo the 6^ier atan, 

b. The stars which have no sensible motion relatively 
to one another, aS^ ca\\eA Fixed Stars ; the otbera 
are called PlaneU, and' will afterwards be more 
fully considered. Seaides the. planets, there ore 
also stars which do not renwi^i permanently visible, 
and which have motions of their own. These are 
the Comets ; and are also to be considered hereaf- 



4. The 
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A-StRONOMir. i 

A. The Earth is a body bouodtd by i surface 
hearly spherical, the diameter of which is exceed- 
ingly small, compared with the distance of the fix- 
fed stats-. 

n. The round or globiitar figure of the earth is infer- 
red from maby pbeaomeHa. 

1. From the appearance of ahi'ps at diiferent dis- 
tances from one another, and of the land when 
approached from the sea. 

3. From the circumnavigation of the globe, 
3. From the conical shadow of the earth, as seen 
in eclipses of the moon. 
h. The circumference of the earth is iiearly 25020 
mfles ; its diuneter 79l0 miles, and a degree near- 
ly 69 +. 

These measures are not given as correct. The 
method of ascertaining them with precision 
will be afterwards explained. 

i. Thfi smallaess of the diameter of the earth comp^ 
red with the distance of the fixed stars, is inferred 
from thisi that the circles which those stars appear 
to describe, are the same to spectators in all parts 
of Uw earth, and also that the angles subteniled by 
the distance of any two stars from one another, is 
the same at all points on the earth's surface. 
Since the diameter of the earth is very small in re- 
spect of the distance of the stars, we may suppose 
the centre of the sphere in which these stars appear 
A 2 to 
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4 OUTLINES OF NATURAL PHILOSOFHr, 

to be placed, to be the centre of the eartli, and not 
the e^e of the observer. 

5. The straight line which passes through the 
pole of the NortlierD Hemisphere, and through the 
centre of the earth, is called the jlxis of the Hea- 
vem, and is the line about which the heavens ap- 
pear to revolve. The point in which this line 
seems to meet the superficies of the Southern He- 
misphere, is called the South Pole of the Heavens, 
as the other is called the North Pole. 

The Poles are also distinguished hy the names of Arc- 
tK and Antarctic. 

6. As it is necessary, in order to ascettain the 
position of any point on the surface of a sphere, to 
refer it to two planes given in position ; so, in or- 
der to determine the places of the stars for any 
moment, and thereby to ascertain the laws of their 
motion, it is necessary to suppose certain planes 
to pass through the centre of the celestial sphere, 
to which these places may he referred. 

This gives rise to what is called the Doctrine of the 
Sphere, and the application of spherical trigonome> 
try to astronomy. 

7. A 
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ASTRONOMY. 5 

7. A circle, the plane of which passes through 
the centre of the earth, and is perpendicular to the 
axis above defined, is called the Egudtor. The 
line in which this" plane cuts the surface of the 
earth is called the EqianoctiaL ■ 

a. The circles described by the stars Id their diurnal 
motion, are all parallel to the equator. 

8- If any plane pass through the poles of the ce- 
lestial sphere, the circle in which it cuts the sur- 
face of that sphere is called a Meridian Circle ; 
and the section of the same plane with the sur&ce 
of the earth, is called the Meridian of any of the 
points through which it passes. 

a. The planes of all the Meridians cut the plane of 
the Equator at right angles. 

S. If at any place on the earth's surface, the di- 
rectum qfgravUy, (that is, the direction in which 
hodies fall to the ground, or the line in which the 
plummet hangs), be produced upward, the point 
in which it cuts the celestial sphere is call^ the 
Zenith of the place ; and if the same line be pro- 
duced downward, the point in which it cuts the 
celestial sphere is called the JVbi/fr, !lf a,plane 
perpendicular to this line pass through the place 
itself, the circle in which it cuts the heavens is 
called the Horixon. 

A a a. The 



DiailizodbvGoOgle 



6 OUTLINES OP NATURAL PHILOSOPHY. 

a. The direction of gFavit/ parses nearly through th» 
centre of the earth. 

b. The Zenith and tte Nadir are the Poles of the 
horizon. 

c If a plane parallel to the plane of the horizon of 
fuiy piaai, pa4S through the ceoh^ <^ the earth, it 
will cut the celestial sphere in s circle hardly di- 
stinguishahle from the former. It is called the 
Safional, and the other the Sensible Horizon. 

i. The Horizon of any place divides the visible from 
the invisible Hemisphere. This supposes the eye 
to be situated on the surface of the earth : if it is 
elevated above the suiface, the apparent horizon is 
a circle parallel to the former, but lower, being the 
base of a cone which baa the eye of the spectator 
for its vertex, and of which the superficies touches 
the superficies of the earth all round. 

10. Circles, the planes of which pass througU 
the Zenith and Nadir of any place, are called 
Vertical Circles, and are perpeadicular to the ho- 
rizon of the place. 

a. The Meridian of any place, b one of the vertical 

circles of that place. 
b- The vertical circle that is at right angles to the 

plane of the ineridifta, is called the iVt'me Verti- 

faf. 
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ASTRONpMr. 7 

e. If a vertical circle pass through a star, (or an^ 
point in the heavens), the arch of that circle inter- 
cepted between the star and the hoiizon is called 
the AUitudt of the star ; and the arch of the hori- 
zoo intercepted V^tween the sud vertical and ttie 
laeridian is called the JzmiUk of tite star. 

d. Vertical Circles are also called CircUi of Azimuth. 

e. The altitude of s star above the horizon, is great- 
est when it is on the meridian ; and a star ha» equal 
altitudes when it is at equal distances from the me- 
ridian on either side, or when its eastern and west- 
ern azimuths are equal. 

11. All the circles hitherto defined, are deter- 
mined in their position, either by the diurnal mo- 
tion of the heavens, or by the direction of gra- 
vity. 

12. If a meridian circle pass through any star, 
the arch of that circle intercepted between tlie star 
and the Equator, is called the DecUnation of the 
Stat; and if it pass through the lenith of any 
place, the arch intercepted between that zenith 
and the equator is called the Latitude of the ■ 
place. 

13. The Latitude of any place is equal to the 

. A 4 altitude 



:,, Google 



8' OUTLINES OF NATURAL PHILOSOFHT, 

altitude or elevation of the pole above tbeliorizod 
ef that plac?. 

14i. The deration of the pole at any place is 
found, by observing one of the stars, which are so 
lieat it as not to set, when it passes the meridian 
above, and again when it passes the meridian un- 
der the pole ; that is, by observing its greatest and 
its least altitudes above the horizon : half the sum 
of. ^e two altitudes of the star, is the elevation of 
the pole, or the Latitude of .the place. 

For the star is always at the same distance from 
the pole ;, so that on the meridian it was as much 
above the' pole in th^ one observation^ as it was 
below in the other, 

a. Those stars never set at any place of which the 
polar distance is equal to the latitude of the 
place. 

i. This obfiervation requires the use of an instnunrat 
which can be placed accurately in the plane of the 
meridian, such as the Astronomical Circle, the Qua- 
drant, &c. or one like Hadlev's Sextant, which can 
determine the greatest or least altitude of a star 
above the horizon, without any previous inquiry 
into the position- of the meridian. 
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ASTKOMOMt. 9 

15. To find the Meridian Line, or that in which 
the plane of the meridian intersects the horizon of 
any place. 

Obsnre the altitude of a star wh^i it ii on the east 
side of the meridian, and mark on the horizon, 
the point which is in the same vertical circle, or 
which has the same azimuth with it. Observe the 
star when it has the same altitude again on the 
west side of the meridian, and mark in like man- 
ner the point on the horizon which is in the same 
vertical circle with it. The line that bisects the 
angle made hj lines drawn from the place of ob- 
serration to the two points thus marked on the 
horizon, is the Meridian Line. 
For when the altitudes of a star on opposite sides of 
the meridian are equal,' its azimuths, or the angles 
which its vertices make with the meridian, are 
et^ual also. 

10. The meridian and the latitude being thus 
found, if the meridian altitude of any star be ob- 
served, its distance from the pole, or from the 
equator, is determined. 

a. For the altitude of the equator, or of the point 
where the equi^r cuts the meridian, is known, being 
the same with the complement of the latitude ; and 
the differ^ce between the meridian altitude of the 
fftor ud of the equator is the declination of the 
ftar. 

A. If 
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10 OUTLINES OF NATUB.AL PHILOSOPHY. 

h. If tbe meridian altitude of the star is less than that 
of tlie equator, its declination is on the opposite 
side of tbe equator from the zenith of the place, 
otherwise on the same. 

Thua the places of the stars^ as north or south of a 
given plane, that of tbe equator, are determined ; , 
but those places, to be fully known, must be deter- 
mined in the direction of east and west, in respect 
of a given circle at right angles to the equator. 
Now, of the circles at right angles to the equator, 
or tbe.clrcles of declination, no one is fixed in its 
position, but all of them revolve uniformly with 
the heavens ; bo that it is only bj the computation 
of time that one of them can be distinguished from 
another. 

The drcle of declination which passes through the 
point in the equator which the sun occupies at the 
vernal equinox, has some advantages above the 
rest, as a line to which the stars are to be referred. 
It is called the Equinoctial Colure, and its position, 
with respect to tbe meridian of a given place, for a 
pven instant, may be determined by means of a 
clock, regulated according to tbe following me- 
thod. 

17. The time from a star being qn the meri- 
dian, to its next coming to the meridian, is al- 
ways of the same length ; it is called a SMerial 
Day. 

The 



DiailizodbvGoOgle 



ASTR.ONOMT. II 

The bettor the macliines for measuifing tine are «oii- 
Omcted, the mote nesrly ue ihty found to agree 
wHh the motion of the heSTens. Sy this the uni- 
formity of both motions is escertjiined. 

lite siderial day is divided into 34 hours ; and as the 
whole fircumferenee of the equator passes in that 
time over the meridian of any place, an arch of 16° 
passes in an hour ; of 1 '>, in four minutes ; of 1' in 
4 seconds of time ; and so in proportion. 

18. To compare the period of a clock with the 
length of the stdertal day. 

Observe the hour at which a star comes to the meri- 
dian on any two successive days ; the interval ought 
to be S4 hours; if it is more, the clock goes 
too fast, if less, too b1ow> By repeating these ob- 
servations day after day, the rate of the clock, or 
the quantity by which it daUy advances on true 
. time, or falls short ofit, will be found. By short- 
ening the pendulum, if the clock goes.too slow, or 
lengthening it if the clock goes too fast, tfae mo- 
lion of ^e clock may be brought nearly to agree 
with that of the stars. 

1Q. The period of the clock being thus adjust- 
ed, it is required to find what hoar the clock 
marks, when the point of the, vernal equinox is on 
tfae meridian of a given place. 
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e OUTLINIS OF NATURAL PHItOSOPHr. 

Obierra the bonr by the cIch^ when (be 3un''B centre 
is on the meridian ; and obierve alao the declina- 
tion of the sun at the same instant. Let the angle 
at which the lun'a path cuts the equator, or what 
Is called the Obliquity of the Ecliptic, = 23°.8r.30'; 

_ , , . ^. . i tan Dec. 

find an arch ^, such that sin 9 =z t^ ggn 97- gry *" ' 

f fias two values, let the least of tncm, turned into 
time, ^ 9'. When the sun^s declination is north, 
the hour which the clock should have marked at 
the time of the observation is $', if it be l>efore, 
and 12h — ip', if it be after the solstice. When 
the sun's declination is south, 12 -f ^ is the hour, 
if it be before, and 34— f', if it be after the sol- 
stice. The error thus found may either be correc- 
ted or allowed for. The clock is afterwards to be 
regularly compared with the nuthiog of the 
stars. 



SO. If a meridian circle pass through any star, 
the arch of the equator intercepted between that 
circle and the point of the vernal equinox, Is call- 
ed the Right Jscension of the star ; and if a clock 
be regulated as above described, the time of a 
star's passage over the meridian, when turned iii- 
to degrees, will be equal to its right ascension. 

a. Suppose 
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A3TIU)N0MT# 13 

«. SuppoK the hour according to sUerial time, when a 
star passes the meridian, to be 4!>ii 84^. GO*^. 

fiO»«c= US'. 30" 



Hight Aicen. = 66".. W. SO". ' ' 

i. The preceding observations, for determining the pla- 
ces of the stars, are all supposed to be inade on the 
meridian ; and such, when they can be obtained, on 
account of their simplicity, are preferable to all 
others. It often happens, however, that the start 
must be observed when they are not on the meri- 
dian, and their positions, with respect to the im- 
moreable circles of the sphere, must then be deri- 
Ted from spherical trigonometry. 

c. The angle which the meridian of s star makes wiUi 
the meridian of the place of observation, is called 
the 3tar''a Horary AngU, as it is the angle which 
measures the time between the instant of bbserra* 
tioB, and the star''s passage over the meridian. 



81. Of these 6ve quantities, the Declination, 
the Altitude, the Azimuth, the Horary Angle 
of a star, and the Latitude of the place of obser- 
vation, if any three be given, the other two may 
be found from the resolution of the spherical tri- 
' angle 
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1% OUTLINES OF NATURAL PBILOSOFMY. 

angle FXS; fig. I; contained by the arches joining 
the pofe, the zenit^i and the star. 

This general problem contains ti^enty cases, of 
which those that foUoff ore Uie most useful in 
astronomy. 

In all of these; we suppose d to be the ^clination, 
a the altitude, k the horaiy angle, z the azimuth 
of a star i and / Uie latitude of the place of obser- 
vation. , 



22. Suppose ttie altitude and azimuth of a star 
to be observed, and the latitude to be also known ; 
it is required to find the declination, and the ho- 
rary angle of the star. 

Here a^ 2, 1 «re giTCrf, to find d and i, or, in the sphe- 
rical triangle PZS, the sides ZP, ZS are ffyeof 
(the complements of [ and a) and the angle PZS, 
between them to 0nd the side PS, and the angle 
P. 

By letting fall a pfefpettdicular from S on the meri- 
dian, we may obtain a solution by case 1st aad 9d, 
of oblique-angled spherical triangles. 

The solution may sim be expressed analytically 
thus; 
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ASTRONOMY. 15 

Find m angle x, so that 

tan X = cos z X cot a, then 

, tan z X Bin »r 

tan A := r it- : 

. C03 (« + i)- 

COSX 

The latter formula ia useful, when the declination of 
a star is to be determined hy observations made out 
of the nieridtan. 

The Sarattr ia use&I, when the iimi- U to b« found hy 
tlift mere obserr^tlon of a star. It is mor« usual, 
n^ien tlrfs is inquired- after, to- have the declination 
df tbe stai* given- as in tBe following praBkm. 

23. The declination and the altitude of a star 
being given, as also the latitude, to find the hora- 
ry angle and the azimuth. 

Here the three sides of the triaogte 2FS' are given, to 
find the angles at P and Z. 

If d' =: complement of Dec. 

a' 3: eoraplement of Alt. 

/' =: complement of t^at. 
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By the first formula, the how can alwayi be deter- 
mined from astronomic^ observations, if the time 
of the Btar''s passing the meridian is known. 

The second formnla serves to find the meiidiim, from 
the observation of the altitude of a known star. 
The meridian, however, ia better found by obser- 
ving a star when it has the same altitude on the 
east and west ^des of the meridian, and bisecting 
the difference of the azimuths, as in § 15. 

S4. t<et a, h and / be given, to find d; that is, 
ilhe altitude, the horary angle, and the latitude, to ' 
find the declination. 

a. Here two sides of the triangle ZPS are given, and 
the angle opposite to one of them, Uf find the third 
side^ Thb falls under Case 7. of oblique-angled 
sphericaJ triangles^ 

b. Find 
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i. Find an aitx^ such tJiat'tanxrrCOBAxcM/. 
^extfiad aiiarc^, BO that cosj=i5!^p..^j 

then the coAitpIement of Dec ^y + x. 

'This solution is from its natute ambiguous ; the sum 
of^ and X must be taken, when the perpendicular 
from thi zenith, on the circle of declination, falls 
within the triangle ; their diflTerence, when it falls 
'witiiout. 

SiJ. let a, d,z be'gifren to find'/, or to find the 
latitufje from observing the altitude and azimuth 
of a slaf, aad knowing, also its declination. 

Here, again, io tJie triangle ZPS, two. sides are gt. 
ven, and the angle opposite to one of them, to find 
the third side, the complement of latitude. The 
pei^endicular must be let'iall from the star oa 
the nieridian ; knd the distance of this perpendicu- 
' lar, first from the zenith, and then IVom the pole, 
is found as in the last case ; the sum or difference 
it the ct^n^ilement of the latitude. . 

S6. Let a, d and //; be given to find / ; that is, 
the altitude and horarj angle, being observed of a 
star, of which the declination is known, to find ' 
the latitude. 

Vefc II. B Th« 
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The perpebdtralar i^ tp be l^t fall, b^ in tbe,IaBt cue, 
from the star on the meridian ; and there being 
two udes of .the'^dieHoal trieoglff.girdi^^sAd the 
angle opposite to one of them, the calculation is 
as befoce. 

This problem-is useful for finding the latitude, when 
two egual altitudes of a star are observed, and the 
interval of time between the observations. The 
half of the interval giyes the horar/ angle, and so 
the latitude majr be found as above, 

27. In the aboTe formulas it may happen, that 
a — 0, or that the star is in the horizon, or 90*^ 
from the .lenith. The horary angle is then found, 
if the latitude and declination are given, from a 
right angled triangle, of which dne' Of'tfie'sidts, 
containing the right angle, is the elevatidn of the 
pole, the (tfher, tfie arch between the star, when 
rising-or setungi. and tb« meridian, j and the hy- 
pothenase is th<i ; distance of the ^tat fi^om-the 
pole. : '. 

In tbia case, the horiiry angl^, (converteid'ittfe time), 
is thft time of half the stay of the star above the 
hMizon, (or under it), and i^it be called H, 

cos H — tan t'x tan d. 

The other side of the triangle, or the azimuth of the 

rising or setting star, is also called the Amplitude, 

itaA 
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hdd Is fbupd from, this ftmnnlit 

' '.^ sin d ' 

This is mupb used in naviga^o^, for Ascertaining the 
variation of the ixmipaM. 

'^&* tXu ■M*o« isfote, which ar^ less distant frotn 
thAiflQle.tiieaiitheicQDipl^lflpnt qf I^itude^ the tri- 
angteitemM by diQ itiuv the zenitk and. th& pole, 
beaj*ni(ft''ilrtgh« ttis^ea'-'at'the; Btar^VwlMB the 
ciWife ae^j¥i!!teaf'by the irfar; iJii ib"ditim^ mo- 
tibV^tfe'^s ^ie? ■V6rti<^lY the iiiitiiiib-Ss'Sjen a ■ 
maxiimd'ni, and IS foiind 'frbiii'th&.'soliiiibTi' of a 
:qght-afpg^4r '^"^S^f in which the hypo'tliiinuse, 
the complement of latitude, and oiie %i4^, th^:om- 
plement of declination, are given, to ' find the 
angles, one 01 which is the izitnottij 'and the 
other, th^ horary angle of the star. ' ' .; ' 



■"■ ■'; and' cos'A-'3= __' ~r 

,, , ' , ™' ^''*' 

cot Dec. X tan Lat. > 

'¥hfe firs^ ctf tbese giTMithc aauutli> vkcn it is gieat- 
etit, the seeOthitliehpuKwfaehMhatlin^^etWi. 'They . -' 
flre much used for finding the meridian line. 

B 2 29. Another 

DolizodbyGoO^Ie 
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29. Another putpoMferwhkh.spherital trig** 
nometry is employed,- is, when the position of a 
star relatively to (?ne circle of the sphere is given, 
to find its position relatively to another which is 
given in position with respecA to the fitst.- 

Tbe position e£ the fixed stars, by the foregomg ob- 
servations, ore found reUfively to the equator ; 
that is, the perpendicular arc firom the star to the 
equator, is given, and also the diibutcc of tbal 
perpeilditular from a given point jn. the, CKtumfer- 
eaee of the equator ; but there is an^tl^ circWj 

. called the Ecliptic, t<^ which it becomes necessary 
to refer the stars. . This circle cuts tfie equator at 

' the points of the vernal and autumnal equinoxes, 
and is inclined to it at an angle known from obser- 
vations which will be aftefwards e^Iaiped, to be- 
tieariy 23M37". 30-. 

The dist^nce^of a star trom this circle is called tbd 
Latitude of the star, and is reckoned north or south 
according as the star is on the same side of th^ 
ecliptic with the North Pole, or the South. 

The arc of the ecliptic intercepted between the per- 
pendicular from the stw, and the point of the 
venial equinox, is called the Zongitudt of the 
star; 

' Let the' angle formed by the equator and ecliptic, or 
the OMJgiii:^ of the Ecliptic be = f. 

SO. Suppose 
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30. Suppose that the right ascension and de* 
clination of a star aire given, to find its longitude 
^nd latitude. Find an arc jr, such that 
cot J =; sin .2 X cot Dec- 

Tbe decliaation, if nortb, is reckoned posHire, if 
south, negatire, ^nd x has the same sign widi it. 

X,et y=x — f, 9 being reckoned positive for that 
half of the ediptic which is north of the equ^ 
tor, and negative for the opposite, or which 
cOmes to tke aome, positire when the right asceu- 
sion is leu than a ■emirarde, negative wh^ii it iq 
greater. 

The. 1.. Long. = ""!' " '^fj*" ^•- 

and tan Lat. = »in Long, x tanjj. 

If tan Long, come out negative, the longitude il 
greater than a semicircle ; if tan Lat. is negative, 
the latitude is south. 

This rule, which is, Dr Masrblvnb's, is quite free 
from ambiguity, and as simple as ^e nature 
of the case will allow, and is deduced from 
fig. 2., in which A is the intersection of tlie equa- 
tor AQ, and the ecliptic AE i 8 the place of a 
star, SB an arc of a meridian equal to the declina- 
tion ; AJ* *-^^ "S^^ ascension, SD the latitude, and 
^D the longitude of the star. See Vince'b Jit. 
yijl I. p. 39. La Landk computes the angle BAS, 

B3 and 
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' sail tlte arc AS, in the triang}^ AB8. Hencetbe 
eagXe SAD being known, and the side AS, in the 
triangle ADS, the sides AD and DS are found. 
This a somewhat more prolix. Cagnoli, § 144S, 
(Sd edit.) considers the subject diSerentlj, but 
brings out the same , solution with Dr Masks- 
vnt. 

Dk Lah.bre has computed tables, for facilitating this 
computation, as it occurs very often in astrono- 
If the star b in the ecliptic, or Lat. = 0', x=Py 
and y = 0, therdbre cos^~'I, and 

tan Right Asc. 
COS ip • 



ton Long, i 



*The changes are obvious, that would make the same 
formulas apply to the converse of the problem, 
- yiz. to.fifldthe right ascension and declination from 
, ■ .the loDgitude.and latitude being given. 

, ,^(SJ. By the methods now explained, and chief- 
"ly.by the observations made on the meridian, ca- 
r^Dgues.of ,th^ stars have been formed, in which 
tl^eir:illaces aire all set down in respect of the cir- 
cles of the Sphere, viz. the Ecliptic or the Equator, 
but most commonly the former. 

ff.-HiFFABCHUB began the first catalogue of the fixed 

•tars, ISO years A. C. " Ausus," says Pliny, " m« 

etunn 
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This catalogue was afUrwanls published by Ptolb- 
HT, with some additions, and contained 1022 



b. The use of tlie telescope increased tbe flumbcr of 
the visible stars, as well as the precision with which 
'tiieit pltice»4rere 'ascertained. TfaeBritaanic Ca- 
' ! tttlc^ie^ puUialted l^.Vi.A»»rKAD in ices, contun- 
"ed a^irty SCmh&ied atdrs. ..(^eat additiong have 
' ' -b«Qn -nuide tdJ tiits^ eAalogae.tDaptioalariy b; La 
-CAicbBJ'wka 'detttrmjned 'the' 'phiMs of nearlj 
H^flOO'Hi thd'WUtberii hemiaphere. 

. Mc VVj^Li-ASTON, in IT^f published a catalogue, in 
which the stars are ar^aitged accftrdiog to their 
riglit ascension and declination. 

The ,diflr9|«B,t volumes of tbe CMmeusoNM de Tempi, 
contua a cfitdogue of more than 12,000 fixed 
stars. 

La Lakde and hi* nephew obeerved, in- the space of 
twelve years, MtfiOOi^xeA stars, and determined 
their places exactly. Mho. de VAtademie it» Sden- 

,_et», Paris 1789, 1790, See Montucla, vol. iv. 
p. 28., &c. 

ciSotne-jcatalogues, though sot very vuiaerous, are 

.'. .'hightjriTalnedifor ^hmrjaccucacy^such as that of La 

Caille, containing iS15 stars; ':af_ ^BAOLer, con- 

tiuning 399, Naxtt- Almanack, 1773; of Matcr, 

B 4 containing 
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contuniDg 998 ; of Maikeltne, containiilg onlj 
36 ; but the [daces d^ermined with such exactness, 
sa to reqder it extremely valuable. See bis Aitro- 
nomical Observations, 1770. 

'Bodi''b Jtlas, Berlin, 1797, is the largest catalogue, 
reduced into one bodj, that haa appeared ; it con- 
■ tains 17,000. 

d, .The number of the stars, however, visible with 
the telescope, far exceeds whater^ can be reckon- 
ed. -The bright tract in . the heavens, called the 
Milky H^ojr, . seems to owe ila white appeorsiice to 
an incredible multitude of ^tara, which the eje can- 
not distinguish. Dr HErbchei, has seen 116,000 
stars pass through the field of his telescope in a 
quarter of an hour ; though the field was not more, 
than 15' in diameter. 



32. The most obvious distinction among the 
stars^ is founded on their different magnitudes. 
Those of the first magnitude, are distinguished by 
particular names j there ^re only ten visible in 
Europe, which all astronomers have agreed to 
belong to that class. 

a. The stars visible to the naked eye, are divided, in 
all, into six classes, not very accurately separated 
from one another. The ancients counted 15 of the 
first, 45 of the second, 308 of the third. La 

I.*MD£,§657. 
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1>T Hallet, Phil. Trmu. Ji-> 304. Also Vinci, 
vol. I. p. £05. 

h. If c be the class reckoned from the first, 13 x c* is 
nearly jtbe numbef of stars ib that class. 

33. The fixed stars are not- scattered over the 
faeavens indiscriminately, but are disposed in 
groups ; to whicb, from the most remote antiqui' 
ty, names have been given from certain figures of 
animals, conceived to be connected with them, 
whicb are -called Constellations. 

a. Id the begianing of asttronoinical science, it was 
only by such a device as this that men could speak 
of the stars, or describe them to one another. It 
is a remain of the ancient picture writing, that pre- 
ceded alphabetical language. 

(. The number of the ancient constellations was 49 ; 
S4 hare been added by the modems, 14 in the 
southern hemisphere, and 10 composed out of' 
groups, not included in the «ident arrangement. 
The st»s of each constellation are distinguished 
by the Greek letters, dbposed in reference to their. 
magnitude and position. 

For the method of distinguishing - the constellations, 
see La XiAkde, torn. t. § 735., &c. 

34. Many of the stars, which, to the naked eye, or 
plough telescopes of small power, appear single^ 

a^e 
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are'fdund, with higher ■ magrtifiers, -ttf ^coflsist of 
two, sometimes three or more-«aTs,' extremely 
- near t<o one another. 

a: Dr Hebschcl has obaerved no less' than 700 of 
these multiple stars, of which only 43 were known 
^before. -Xnuundof Uiem, the small ^tars are dif- 
'iojeat in hrighlJieui.'aDd iini'jlbe,«elouiriof:,bbeir 
Hght. TbiM,r) AMtrMDcda,. is. 4ouh]e,.the stars 
. very . unequal ; the . largest . a reddish-white, the 
smallest a sky-blue, iDcliaing to green. See Vimce, 



85; 'Rir^fixed-staTS-arenatemirely-exempt from 
" change ; several" stars which are -mentioned by the 
' ancient astronomers having now ceased to be vi- 
sible, and some being tiow visible to the naked 
i eye, which are not in the ancient catalogues. 

i>ii.(It was.the ^appearance of a new star that induced 
• >.;> ^^Mieiius toi. begin J)is.cataIogue. Anew star 
-which ;n9eaced.in Xiassiffpeiaa Chair, io 1572, ex< 
--eeodedSirius in brightness, .and was^een at noon- 
' . day. ' .'It, didi JHit change its place, hut gradually 
decsyed, and ia about sixteenmonths.disBppeared 
entirely. It is supposed to have appeared before in 
'Mfi^aitd ircaatft. iVtMCE, §.704. 

b. A star of the same kind was seen by Kepler in 
1604 ; and several similar facts are recorded. 

c. Algol, 



=d by Google 



. . ASXRONOMY. t^ 

-.€. Algol, or j3 Persei, has been obsenr ed to bare pe- 
nodical changed of brightness, that return at the 
distance of About 2 days and SI hours. At its 
greatest brighl!nesa, it is of tfae'second, at its least, 
of thefonrtti magnitude'; the'cbuige'from'the first 
state to the secosd 'is 'mitdo in absat threefaoun 
and a balC and the change back again in the same 
time; during all the rest of 'tlie period it pre- 
serves i^ greatest brightness, PkU. Trent. 1773. 
Abo ViMCB, 9 713. 

Some other stars are subject to similar rariationi. 

'35. '!IDlio^fajtiie&x*d23taca are without sensible 
motion relatiyely to one'anoUier, yet amny of 
,thcm,;wbei? observed very accurately, are found 
.to cJnangedieir, places slowly. 

This *W suspected by Matib', -but was' first prove! 
by Dr Masbelvne. 

Thus the right ascension of Sirius diminishes annual- 
ly by two thirds df a second, 'aTlti his Medlmation, 
(which is south), increases by l'.-9. Steiethingof 
the same kind is observed of several others. Vinci, 
§ 724. Whether this motion is* always in the same, 
-direction, or always at the same xate, is not yet 
known. 

37. In many places of the heavens, spaces faint- 
\y luminous, or shining with a pale white light, 

and 
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and of an irregular shape, are discovered ; and on 
jipplying to them telescopes pf great power, they 
^x? resolved intp a multitude of small stars, dis- 
tinctly separate, but extremely near to one ano- 
ther. These are called Nebula. 

a, The Millof Wta/ is » space of this kind, visible to 
^e naked eye, and encompassing the whole bea- 
> rens. Dr Herbcbel's telescope discovers it to con- 

N8t of a vast multitude of stars, (§ 31. d). 

Other two nehuU near the South Pole, distinguish' 
able by the naked eye, are called by sailon the 
Magdianie Chuda. The tdescqw shews them also 
to be composed of stars. 

h. The other miula are not visible but with tele- 
scopes. HvTQENs discovered one in Orion's Sword, 
(hat appeared a bright $pot on a dark ground, and 
seemed like an opening into some brighter re- 
pon. 

e. Several more nebula had been observed before Dr 
'HiRSCHBL, by HAi.LKr, Cassim, La C^ille, &c. 
and a catalogue of 103 was published by the French 
astronomers, in the ^J&nnoutanee dea J^eptpa for 
1783. Dr Herschel has given a catalogue of 
piore than 2000 discovered by himself. Phil, 
Trans. 1786, 1789, &c. 

36. Dr Hersc^el has also discovered tiebuhua 

■ stars, that is, single stars, surrounded by a faint 

luminom 



bv Google 



^mintms lighu This light b&fi ncM lK«n letoWcd 
iii&> small Stan, axid' Dr Hb&schsl believev'it to 
be the cfFect of a luminous floM; PkU^Tram. 
1791. 

39. A§ the ^paretit motidn 6f a body,- in any 
directioti, tilaj arise either frofti ^e tvei motbd of 
the body in tltet ifirectioH, Of from the Motion of 
thespectator itt the opposite ; so the' app^rftBc* »rf 
the didmEil dstition ef the. Heavenly bodiesiroithd 
the earth, rtiay either be'jirWUced by there&l re- 
volution of the heavens f^oirt east (o weacor^ 
the rotation. of. the earth, on its axis, from w^^ to 
cast. ; : i , ■ 

. *X\m pruic![J(^ is cdbrdrnitfbk to the experience of 
every day, sfod- oM there' are, Uierefore, two #ayB of 
accounting for tbe phenmaeBR of the diumal mo- 
tion, we must choose that which is least fiable to* 
objection from other qiiarterHi 

40. It is no objection to the supposition, that 
the diurnal motion of the heavens arises from the 
motion of the spectator, that he himself is not 
sensible of his motion. The motion' wliicH any 
body has itl common witii other bodies,' does not 
affect its state with respect qf* those bodies, and all 
tbe relative motions take place just as if the mo- 
tion coimnoa to them all had no existence. 

Thi» 
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fhw'hHS' been exphined nader the headB of the fi»t 
ler^fimotioB, and sf the ^Mnctioii' bctweucab^ 
Bolate ^nd reUtir^ motioni 

41< The reality of the diurnal revolution of the 
beaveQs,. is liabift to a ^reat objection^ a^ suppo^^ 
ti^t a circular motioDi in the saipe direction) is, 
common to an imiqei^.iiuniber of boidiies^ far di&- 
tantt, ao^^ entirely detached from one. another ; an4 
tbU this motioitii^ sp regulated^ that, the^r r^yohji-T 
tioniiase all perform^ HI the same time, ai^ii^ 
{danes poralM to on? another. 

the revolution of a detached IxkI^ atwnt a centre, or 
about an axis, cannot take place without a force 
eoijateptly •cMdjh' ,tp dmim it out,,of the i^vgbt 
linq m wbidL itjh9p|.^,Q)f9F^,iDstant a,taadepcy to 
cqntWie. it^,.iBfi|i«ft<i. TH.ref^^m. of ,». solid 

, bp^i liM ^.fi^J^i^oo U?! aai4>,,ai»y adsq from 
one ori^nal inqnilpf^;, its Cffftuj^nee- reqtgr^ no 
oeir action, but is a consequence of the inertia of 
matter. 

It was to obviate the difficult, ariung frop) tjie de- 
tached and distant situation of the bodies, to which 
motions were ascribed so closely conaected with 
one another, that the hypothesis of cryttaUine 
orbs was invented. To those who do not believe 
in uiese orbs, the diurnal revolution of the heavens 
can have no probability. 

42. The 
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4e. Tbe pfajrsicid'dnd: mecbamoaldobjeetiDas to 
the rotation of the earth being entirely obviated, 
while they, prese so hard upon>the opposite hypo- 
thesisV, the sim|dici^ of iherexplaiutioDS afforded 
by the findier,. jtutifiwiiiu ia- admitting it.ai the 
capsc of the apparent diurnal revolution of the 
heavens, at least till some fact, or some.priociple 
inconsistent with it is discovered. 



OTTHE AtJlOSPBEHICAL- HGFHACTION. 



49.' A'KJir cjB li^t).:^in passing" thvcaiglf. the at- 

mbSjJhfeifj fe bttit' inw ^'cuirve; ii¥«lfc ■ same: verti- 
c^ TJlkie wittt thfe- 'originaP ray; utidr concave to- 
wai-tf the' surface of tlit: earth. ' But the' object 
fromvwhich-the ray comes,, i»: see[>,i« Jbe . direction 
which the ray has when it enters the eye, and 
therefore it appears elevated?abov,e its true place. 
This is called the A'tmospbirkal, and sometimes 
the Mtrommkaii R^actwfu. 

«. The effect of the atmospheric I'etVflct^to alters the 
place of an object oMfy in a ¥0*^031 plane ; it in- 
creases 
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aeaaet the alUtiide, but does .not affect ibe itei' 
miith. . J . . . 

b. Hence all the altitudes, measured aa in the prece- 
ding Bectiong, require corrections to he applied to 
them ht(6re the true altitudes are obtained > 

The method of making thdse torrectiond is now to btf 
explained. 



44. From the principles of optics, it is knowrij 
that the rays which pass through the strata of the 
atmosphere at right angles, or which come from 
stars in the zenith, suffer no refraction^ and that, 
at all other elevations, the quantity of the refrac- 
tion is nearly as the tangent of the zenith dis- 
tance. 

a. t(x he the true diBtance of a star from ttie zenitli, 

and ^ the r^raction, eo' that the a^qiarent dictanee' 

is X ^y, - then, by the nature of refraction, sin « is 

to sin (x — y) in a constant ratio, suppose that of 

m to ff ; and since sin (» — ■ ^) = sin * . cos ^ 

n . , 

^eo8«. smjr, — sm« = suix. cos ;y-»' coax. sin ^^ 

or — = «os^ — T- — .sifiy. Now if j> be very 
small, co8j=rl nearly; and ilftrefore smy =3- 

nearly. 
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beariy, y = (1 — -] tan, « ; where the constant co- 

^Sinent 1 is to be determiDed hj pbseira- 

iion. 

ft. It is erident that this approximation is itnpeH*ect, 
because it gives y infinite when x = 90°, or when 
the star is in the horizon ; and in all cases when 
the alUtude is small, it gives the refraction too 
great. Dr Bbadl^t found that the refraction was 
more nearlj as the tangent of the zenith distance, 
diminished hf a certaib multiple of the refraction, 
or that y =: A • tan (v — by). He also found A=r57* 
and 4 = 3 neatly, so that y = 5T tan (« — 3y). 

To use this formula, we may supftose, for a first ap- 
■proxiHiatian, y^^BTtaax, when a is not very 
great. 

If is = 90°, we must assume y, abd correct the value 
by trials. 

The manner in which the constant qliantitles A dnd b 
have been determined, remains to be explained. 

45, As the determination of the latitude of a 
place, and of the declination of a star, in- 
volve the effect of refraction, they are not to 
be employed for finding the refraction, except 
when a considerable error in them will not pt6' 

Vol. II, C du<» 
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duce any sensible error in the refraction to b* 
found. ' ' . ,. , - , . 

Tn conformity wUh this tu)S, the foUowing metho<] 
of finding tbe borizontal refibCtiota ina^'^ etn- 
. ployed. 

' 4&. A star which rises and sets due east and west, 
would be as long under the horizon, as it is above 
it, if there were no refraction. It will be found, 
however, by observation, to be longer above than 
below the horixon : . take half the difierence, and 
reduce it to degreesi, or parts. of a. degree.; then 
.multiply this last by the c(>&ine of the ktit«de of 
the place J the prodiKt is the boritontal refrac- 
tion. . , , . 

■a. I* this way, the nban horisi^tBl ye^Hetton will 
be found to be 33'; and hCTe it wouHit Mquire a 
great lirror in the latitude to produce an 6rror at 
all sensible in the refraction. 

. I. -This .method require^ a sttu«tIoii,.wh^re, the stars 
to be observed rise and set in the' sea. Xt may, 
however, be extended, though with less simplicity^ 
to all the stars, and to their descending, not below 
' the horizon,' but below a ^veti altifade,- 6r a given 
parallel to the hofizcn. 

" 47. Observe the altitude and azifnuth of a staif 

of i inown declination at the same instant j from 

■ the 
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'^be ^lAiitfi; A& -^aiait ffeboioe; -aad the oomple- 
iaent of latitudci compute llie altkude ; the dlfTe- 
reoce, b^ween. this ^4 .t%!: ^^^V*!^ ^^i^^* '^ 
fl*e jicf^actifw, ■■ : ■ ■ n -. . .; ■. 

a. iniii tnay tw ^0/. d<ine Wi& thfi Astrohbmicil 
Circle^ which measures altitudes aiid azimuths at 
the same time. The 'circutnpolar stars are well 
. suited to this obseratjon<.<- 

'. ' If he triat^e iaiif. be t^olVfaL bf Njviir% niles, 
-Atow^C, > 761 anOL- & I'See «lher methods, 
. VAeB^-i^'ltS.'^ te.. Wt^DBODtoi § 8&4 «& La 

i. If the time from the altitude of a known star, on 
the one side of the mferidiao, to the same altitude 
OB the ofher -^de^ be «bset^edj the apparent dd- 
". tud^BBKy. be cakidaiodffoia ^loc; and if a ck' 
cun|iolar star is used, ^at ^cctutej- m»j be obtuoed 
in Uiis WKjf as a snail c^aiige ia tbe -attitude pnh 
duces a^st one in, the horai; angle; so that to 
obseire this latter ai^le, is the most exact way o^ 
coming tti the knowledge tff the apparent alti-i 
Irtfle. ■ - ■ '-" 

48t ThC: i^fr^tioD variu ^itJi the state of th6 
himttaeict snd tbfsmtoneter, and, for the same 
kltitodt, it. neiAf prapototkMBl to Ike dtatity o( 
,tfce Hif M ^be-«««fc^« «nFfadS. : ■. 
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J OUTLINES OF NATURAL PHILOSOPHY. 

a. Dr Bri«ift.ET hn giveA a fbrmula, expressmg tiiif 

vamtion of the refraction. 

I<et i r: height of the mercury in the barometer id 
iDches, h = height of Fabrehhbit^s thermometer^ 
g = the zenith distance, r = the mean refraction 
■ eomput«d bj the rule, (§ 44. £.), tfab correct refrac- 



This formula would be improved, by introducing' Utcf 
expression for the density or specific gravity of the' 

, air from vol. i. § 344. r'=r, when i=:29.6,- 
and h=z 50". In that cese^ there is no torrec- 
tioD, 

. 49, Not only are the stars elevated by refrac- 
^n^'bttt all terrristriBtobjv^ are eWated from' 
the saoK cause, by an angle equal to that which 
tile straighflihe draiwn from the eye to the object 
makes 'with tht tangent to the path of the' ray at 
the point where it <inteCs' the eye. 

The r^'action of the heavenly and teirestrial bodies' 

is differently estimated. That of the celestial body 

ii the aoglfe contained between the tangent to tber* 

■ curvilinealpathof the rBjrfrheit it is first acted OB- 

' b^ the atoMBpbere, end the tangent to the sam^ 

'. cure when it mtera the 'eye. The refraction of a 

feiTeatrial body is the angle contsinedbetween th* 

tangent^ 
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jtuigent at the eye and the chord of the wrch iater- 
c^ted between the object and the e;e. 

Near the earth's surface, the curvilineal path of the 
ray of light maj be supposed nearly to coincide 
with the circle of equal curvature, 

50. If the. elevation of the top of a mountain 
from a point in the plane below, and the depres- 
sion of that point from the top of the mountain, he 
^th observed at the same time, the angle subtend- 
ed at the earth's centre, by the distance between 
them, added tp the observed elevation, and the 
^m diminished by the depression, is .double of 
the refraction. 

This supposes the path of a ray of light, for a atnall 
pari, to coincide with a circle. If, in 6g. 4., the 
arch froin B to A be the patii of a ray, and if AH 
and BF be perpendicular to AC, BC, in A and B ; 
the tangent EA, EB being drawn to the path of the 
ray, HAE is the apparent elevation of B from A, 
and FEE the apparent depression of A from B ; 
the true elevation being HAB, and the true de> 
pression FBA. It is evident, that FBA = 
BAH + ACB, that is, true Elev. ^ true Dep. + 

Hor. ang. But true Eler. = tpp. Elev Ref. { 

and true Dep. = app. Hep. + Ref. ; therefore 2 Ref. 
:=: ^or. ang. + upp. Elev. — app. Dep. 

C 3 51. The 
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38 OUTLINES OF 1*ATD*.AL PHILOSOPHY. 

51. The terrestrial refHction found hy means 
of the preceding theorem, when the elevation is 

pot very great, varies from 1 to gr of t^c angl? 

subtended by the horizontal distance of the ob- 
jects; and the radius of curvature of the ray, 
therefore, varies from twice to twelve times the 
fadius of the earth. 

|n Uw mean state f£ tite- ttmotj^efe, the refiraction u 

about -VT of the horizontal angle, and the radius of 

■ -.-.- . ■1* ■'■• "^ 

Offvatnrc c*f 'the'ray s^tHen times tlie radlas of the 
earth.' _,.,.-. ,... 

■ . The terr^^fial teft'aji;tw'n»»*t TW .W'th.****^ .density 

of th^>uv.that U| >v^h;th«^rppi^er an^thermo- 

Bie^r<. '^^^ 8^^^ diflereiices, faoiii^er* remarked 

. jtttbiB propositioB, must he tmiag to apme other 

caiue. 

In the measurement of heights, the angle of elevatiMi 
should be diminished bj, one-fourteenth of the angl^ 
' corresponding to the horizontal distance, suppo- 
ling the refraction tQ, \>e of ^e mean qi^antity. 



Si. The effect of refraction may also be allowed 
fisr, by coinpaung thf. correctwo of curvature, at 
in $ S48 vqL I., and taking one^sev^nth of it^ fo|! 
flieauinbcr of feet, by which ifye object is ren- 
dered 
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dercd by the refractiwi higher than it ought to 
be. ■.■■-.' 

. If L IS the length of the horizpntal line in Engliab 



mikB, the correction for cuirstore in £eet 1 



ind for refraction — jj — • 



TT- 



In the ndevsurenient of heights, it must be oi^serred, 
that the one of these correeUons isof^ied to the 
other. 

In the next section) the method of estinutiog the 
^Qgle subtenddd by the borisontal diftatice.wiU be 
explained. The subject of terrestrial refraction 
f equu'es to be farther investigated hy observations 
of elevations' and depressions made at the same 
time,' and with a reference to the states of the 
iWometer and thermometer. 



■&ecT.HI. ■ ■ 

'■^ '■ ]^IGURE or THE EAHTk. " 

^fl.,.^BS ifiguf^. of; the earth'is ^adflrtitood to be 

^flWnnin'ed'by a: surface at every point perpendr- 

' , - ' c 4 ' cular 



:,, Google 
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culsr to the direction of gravity, or to the direc- 
tion of the plumb-line, (§ £4- &). 

' This surface is the lame that the sea would have if it 
were continued aH round the earth ; or, if we were 
, ^ to trace cnrre lines, by levelling from a given point 
' round the earth, in every direction, till they re- 
- turned into themselveB, the saperGcies in which all 
these lines' would lie, is that wbicb we eoDsider as 
(he superficies of the earth. The givm point may 
be: supposed any one,' on the level of the sea. 

The figure bounded by this superficies, is that which 
is really measured' by the combined methods or, 
astronomy and practical geometry, and is to be 
eareftilly dfst&gu&hed friiib the aitual figure of the 
earth, including eB Its Inequalities; or from an ave- 
rage figure that should leave out as much of solid 
matter above it, as is itodUded of empty space un< 
der it. " ' " ' ' ' ' ' 

54. The length of an arch of the meridian, tra- 
ced (»i the superficies above defined, may be mea- 
sured by observing the latitude of the two extre- 
mities of the arc, and then measuring the distance 
between these points in fathom^ toises, or any 
other known measure. 

The distance, as measured on the surface,' divided by 
■ ■ the degreci, and parts of a degree contained in the 
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^erence of the htitudes, will give the length of i^ 
degree. 

Uratostbckks was the first who applied thu method 
to the estimation of the earth's circumference. By 
measuring, or rather estimating, the diflerence of 
latitude between Alexandria and Syene, and also 
their distance, he ctMiduded the circumference of 
the earth to be 250000 stadia. Montucla, Hittotre 
de» Math. torn. i. p. 342. 2de edit. 

The length of a degree, or of &nj arch of the meri- 
dian, is determined h^ taking two points nearly at; 
the distance of the arch required, and nearly north 
and south of one another. A series of triangles is 
then to be carried from the one point to the other 
by me^s of stations taken on the tops of hills or 
other elevated grounds. The angles of these tri> 
^gles are to fie measured,, as also the azimuths 
of the sides, at the points where the series of 
triangles begins and ends. Thus, there is a series 
of triangles all given in ipeciet which connects the 
two extreme points, and the bearings of the sides 
of these tiriuigtes, in respecf of the moidisn of the 

' first station,' are also ^yea. 

The lengths of the sides of the triangles in known 
measurea, toises or fathoms, is liext found by mea- 
Buring a base on a level ground, and connecting It 
by angles with the sides of one of the triangka. 
In.all this we proceed as if the triangles were plane, 
whereas th^ are in fact spherical, and the three 
'''■■-■■ angles 
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angles ofeach Exceed two right angles, by a quan- 
tity celled the Sp/uricvl Exeat ; which is to four 
. right taglei,.«siUie.ai««bf.the Iciaugle' to half the 
superfidea of the glob«i By ktunring the ^herical 
excess, the errors in the measures of the angles are 
discovered ; an4 it is also known, that if from each 
of the angles pf'-vty of the triangles, be subtracted 
one-tbird of the; spherical ezcras^ U^ie ajnes of the . 
angles so corrected are proportional to tbe lengths 
of the sides ; so that all the triangles, though strict- 
ly speaking spherical, may be resolved by the rules 
of plane'tri^nifnetfy." 

In this way* ^le ^stance <^.the twoppints at first as- 
sumed is computed, as also their distance reduced 
to the meridian of either of them< 



55. When, by such accur^e,;61jservations, the 
lengths of degrees were detennined in different la- 
titudes, thej were found toinoiease gradually from 
the Equator to the Pole. 

7he radius of cm-rature of the -meridian, 'therefore, 
increases as we go toward the Pole, and tbe curva- 
ttire itself diminishes.^ The earth, therefore, is not 
a qihere, but is flattened at the Poles, so that the 
axis from' Pole; to Pole is less tlian the diameter of 
the Equator. Though it js on^ by ezperimeat 
, thfit the true, figpre of.th^ meridJ^n 9811 be disco- 
va-ed, H has been found necessary to ^ume hypo- 
thetically, for its figure, thtt curve which is next in 
simplicity 
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aaip^i^to'i!hsxinAe,yiz. tbe fiU^is, and also 
to aappoat die superfidea of ihe earth' to b^ that of 
n splieroid generate hj the t^vblatioD of thit ellip- 
lift, about its ahoiter axis. > 

|n many cvmplex cases, tbii mode of approximating 
tQ the truth, by probable assumptions, is the siiO' 
[dnt that can be pursued. The hypothesis thus 
, aMHowd, must be' rigorouqlf tubmitied ^ the test 

of experienpe. ■ * .- 



56. The solid contained t>7 the radiii^s of curva- 
ture, at any point in an ellipBis, ^uid the square pf 
the semiparameter of the greater axis, is equal to 
the cuhe of the normal at ^e same point.. 

That is, if a and 6 are the semtazes, r the radius of 

<»irTatui!e, n the nonnal at any point, n' = -; x r . 

See Frisiub df Jnabfti Sect: Con. Opera, torn. i. 
p. 96. prob. 32. NaWToii^i Cmie Section, prop, 

re. cop. %. 

^7. HBOpff the ladiBS'df j:tlfV4twrei atapy. point 
of the' meridian, and conseqaenti)' the length of a 
degree at' th&t point, may b6 expreaeed tn terms of 
the latitude :* if r be' the radius "tif-Qurvature at 
a point, of Hricii 'thfc hKifUite is x^ ir'atidide- 
lioting as beftire; ' ' ' ,' | . ' 

'■■■■■"' '""^■'■"Vt*^' ^' ■''-'■'' ■-■■ 

r~ -. • — :~^ I 

^a* CM ** + 4' am AM* ■ 
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I^^ ApS be ose half of the meridiaq, A ^nd B 
points in the Kqqator, C the centre of (he earth, H 
the Pole, EA a perpendicular to the meridian at 
E, a {wint of which the latitude i« a =r EGA, H 
the centre of curvature, F a perpendicular on the 
«xis ; then £& h the normal, or H, GF'tite sub- 
normal = S; let CF=:», and F£=±y; then 



subtaofents of the ellipse « = t^ * ; also, 

« = ncosA, •nd^;=:'nBin>; therefbn, by Bub»ti- 
tution, 

n' (6* lin a* + a* cos a*) =4*, 

and n ^ - 



(a» cos ft* + 6* ( 



aH* 



(a' cos A* + ft* fin a*)t 

)f S be the leng^ of a degree in lat, a, and 
m = aro-SOSTTSS, the number of degrees in aq 
arc equal to the radius, then r = m D, 



■' and D = J . 

» (a* c<» A* + J» Bin a')t- 



^a. iB 
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S6. In an ellipse where the eccemridfy is 
^rnall, or where a and A difl^r but by a Small 
quantity c, this genei?al formula may be reduced 
to more simplicity, by extracting the root of the 
denominator,, and rejecting ,the powsrs of b great- 
er ttran the first; we. have then " . . 



A. This value of n D may be changed into another, more 
emymi^t in calculationily subttitntaig for no 'i^ 

Hi Tahie ■ ~ ' a°" — ~, from wUch U obtained 

«D = -(I_^-|-^co,SA). 

i;At the Equatary ^ = 0^ and cosSx=l; bo tliat 

»ib = a(l— ^=a — 2c. 

c. At the Pole, a =: fiO*, 2'a = 190" ;' and imce 
c68l60»= — I, raD=ffl + c. 

The degree of the meridian at the equator, (■ there- 
fore to the degree at the p(de as « — ie to 

o+e. 

4. In the parallel of 45°, 8a=z90°, and eos9A = 0;. 
thoefore mH^Ji — = . 
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*Sht radius of curvature «t tlie pwalM of *&'*. ot 
tn D, is uetitj aa aritfameticaj mean between the 
radius of the equator and half the earth*a axis. 

The degree in the parallel of 45 is also an aritfameti' 
43d mean between on; two degrees equally distant 
from it on the ifortii And on the s«uth. ' - 

e. The degree in i^^UiMe.ia flRder4tao4 fa be that 
of which the middle point b in that latitude. 

/. U, tbertSaee, D< be. fosnd hy ftetaal hMovoKanent in 
any two known latitudes, we sba)l hare two equa- 
tie/as, ih which a and c ore Ae dnjj'ui^nown 
quantities, and from which, therefore, they may be 

determined. " " „ ' " 



' 69. The lengths of two' dsgfue^^fwiifcb tbi 
middle points are in given latitiKles, being known ; 
it is required from' thence to ^eterinine the diame- 
ter of the egiiator, ^d the axis of the earth, that 
is, the longer and the shorter axis of the elliptic 
meridian. 

■ . ■ . ■ ' -s .:.-■.: . ■ . , ■ 

^. L0 D #nd I)',Vtts!.8?v(si 4«^,(riie {east, ^r that 

nearest the e<]uatDr, being D), a and ^' t^ lati- . 

tudes of their middle points, a the semitransverse 

'axis <or ^tbe metidiaa, « the dlffermcfc'df Vtib MnJI. 

J axis ; we have the equ^tionsy 
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c 3c ' ' 

Hence c=^-jitfc=J?UV'v' . 
3 (cos 2 A — cos 8 a) ' 

' **rf ^\* ^(ty^py ''■■■■■ --• 

■ - ' -Alio, fr- z^^, ' ■'■■ "■ ■ 

,' ..' . wiD " ■ ■ "' 



« 8 



i. These formulas will be reduMd to others, more con- 
venient ^or logaritlmucal calculation, by lubstitu^ 
ting for cos 3 a — cos 3 a'> Its value, viz. 

« 3 D sm (a' + >i^ x-«o<a' — A) 

IVIiett A dt 'MCbi^<#*^pt\ 'Ane of tbe degrees is at 
tbe equator, a + a', and a' — a, are each e^ual to 

a', so c = — 5 — f " ; therefore the excess of tb^ 

degree. 
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degree, in any latitude, above the degree at ttie' 
equator^ when dirided by the square of the sine of 
the latitude, should always give the same quotient i 
or the excesi of the degrees of the meridian above 
the degree at the equatorj should be as the squared 
of the sines of the latitudes. 

m . (D' — D) 



D'— D= — sin(X' + A)XBin(A' — a). 
i'. If, then, IX and D are two contiguous degrees, w 
that a'=:a + IS iy_D =— sin(2A + 1») xsin !•,- 

a&d Bitfce sin l" = .01748, D" — D ^ 

3ex.01746 . „ 
nn (a A -f 1°) . 

The contiguous degrees, therefore, differ, by a quan-' 
tity proportional to the sine of twice the middle 
latitude. The difference is a maximum, when 
2 A + i = 90°, or when the middle latitude is 
46*. 
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*t')ib quAititj - ia called the Compression, »aA deter- 
mineB the species of the ellipsis. 

rf. We shall now take for the determination of the fi- 
gure and magnitude of the earth, the fire arches 
sulyoined, fis those that bare been measured with 
tlie greatest care, and the best instruments i aa 
being the largest also, and the most distant from 
one another. 



I. 
III. 

IV. 

V. 


L.t. 


Deg. in 
toises. 


fathotfts. 


Country. 


0" .O'.O- 
11 .00 
♦5 .0.0 
52 .2.2 
66 .20.10 


50749 
56755 
67011 
57074 
57102 


604S0.2 
60486.tf 
60759.1 

609524 


Peru. 

India. 

France. 

England. 

Lapland., 



As live quantities may be combined, two and two, in 
ten different ways, ten results may be deduced from 
the comparison of these degrees; and if the meridian 
v/ete triily elliptical, and if there were no error in 
the observations, all these results would coincide. 
As the latter supposition cannot be expected to hold. 
We must look for some difference in the results, 
and must chooto only those combinations, in which 
the degrees are considerably distant from one ano- 
ther, because in that way the errors of observation 
will least affect the conclusions. Such are the Ista 
and 3d, 1st and 4th, 1st and 5th ; 2d and 3d, Sd 
and 4th, 9d and 5th ; 3d and 5th. 

V«L. II. D e. The 
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e. The 3d degree, or that which is Intected hy tb« pa- 
rallel of 45°, ia to be rectconed Uie most accurate of 
all, as being deduced from the actual meaniremeDt 
of an arch of more than 13 degrees. This arch 
belongs to the lireridian of Paris, which has been 
continued by the French Diathentaticians north 
to Dunkirk, lat. SI" 2' 9* N., and south to 
Formentera, the southernmost of the Balearic isles, 
in lat 38" 38' 56', the distance being 705198.77 
toises, (Base Metrique, torn. iii. p. 298.) The 
arch of the same meridian from Dunkirk, till it is 
intersected by the parallel of Greenwich Observa- 
tory, lat.'61°2S'39''^, was also measured by Ge- 
neral Roy, and found to be S5S3S.5, or, more 
exactly, by Da Laubhe, on applying certain coT' 
rectionsf 2&t^\.9 toises. Thus the amplitude 
of the arch between the parallels of Greenmch and 
Formentera, is IS" 48' 43".5, and the distance 
730430.67. This arch, however, is not exactly bi- 
sected by the parallel of 45", Greenwich being 
6^ SS* 39".5 distant from that parallel, and Formen- 
tera only 6°20'3".99. To have the length of 
an arch beginning at Formentera, and terminating 
just as far to the north, as Formentera is to the 
south of 45°, we must subtract from the distance 
of Greenwich the number of toises corresjwnding 
to8'35".51, which, as may he inferred from the 
measurement itself, is 8165. S8 toises ; and thus we 
have 733364.79 for the length of an arch extend- 
ing 6" SO* 3''.99 on each side of the parallel of 
45*. 

Now, 
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Mow, it was observed'- (§ 58. d.) that tbe degree in 
lat. 45° is an Arithmetical mean bettfeen any two de- 
grees ^uallj distant from jt qa tlie,t^rf)i^a{^4 south; 
and therefore if an arch irf.any number of degrtes, 
for example 6, be measu^ on the south ^f 45", 
and an arch of aa^ W^ny degrees on the north, the 
two together will be IS tiroes the degree ii? the pa- 
rallel of 45°. If, therefore, the above extent, 
72?264.79,' be divided by.' iSip^?, the ampUtude 
,of the afph, the quotieiit 5701 It M the degree of 
tfte meriijiaD bisected, by the parallel of 45*. 

/. The degree at the Equator is deduced flrotn an areh of 
' 3° 7' measured in Peru by tlie French arid Spa- 
nish academicians. It is stated by Bououer at 
56753^ ; by CqNpAHiNE, at 56749 ; atiil we <prefer 
the latter npmber, as there is reason to thiak^ from 
comparing that degree with others, tl^t it is too 
great. Figure de la Terre, par M. BoL'au£R> 
Sect. V. p. 272. 

^. The degree 'at. 11", is a mean of 6 degrees, mea- 
sured by Major Lambton in Indostan. Jttatic Jtt- 
itarchea, vol.xii. p. 94. 

h. The degree in lat 53° 2" 20* is from an areh of the 
meridian measured by Colonel Muuob in the south 
of England. '!f!'he mean is given |iere frop) a pa- 
ppr, Phil Trans, for 1812, p. 332. 

(.The degree at the Polar Circle, or in lat. 66" SO" 10*, * 

"is from an arch of the meridian lately measured by 

SwANBERG and other Sfredish academicians. Ex- 

D 3 position 
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position de» Operotwnu faita en Lappmde, <S'^( paf 
SwANBEHo. Stockholm, 1605. 

ft. Of all these degrees, it may be said, that an error 
of 30 toiaes in the len^b, or 2" in the amplitude of ' 
(he arch, is more than can be reasonably supposed. 
If the hypothesis of an elliptic meridiad agree with 
them nearer than this quantity, it must be consi- 
dered as having the sfipport of dbservfttion'. But 
If it is found that these arches cannAt be reconciled 
Irith the elliptic hypothesis, without supposing 
greater errors than those just mentioned, that hy- 
pothesis must be either rejected, or regarded av 
doubtful.' t 



60. The five degrees in the last article, agree 
in giving very nearly the same compression to the 
earth at the poles, and may 9II be represented by 
the same equation, to an exactness much within 
the limits' that have been assigned ( j 59. k.) 

m. By combining, the degrees in the seven ways meb* 

tioned, it will be found, that - is between .0031S> 

and .00325. 

h. The mean between these, or .0033, is that which, on 
the whole, seems the nearest to the truth. It makes 
the sum of all the errors in the five degrees amount 
only to 21 tbises, taking them with the same sign. 
Taking them with their proper signs, they nearly 
destroy 
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^estn^ one another. The &tmpniaon niRy therefore 

be stated at .0033 =ss stq-c ; and the equation 

wliich does most nearly .re^^esent the degrees of 
"^le meridian, wHI from thence come out 

. D = S70n« — aTSt^cosS*, 
Tofatbomsf 

D = 60769.472 — 390.676 coa 2 a , 
In miles, D = 69.044 — .3299 cos 2 a. 

e. Hence, hj the formulas, (§ 69. b.) 

* Toitet, Patboou. MilM. 

c = 10469.68 = 11168.8 =■ 12.680 

*= 3271743.00 = 34^6868.8 = 3962.349 
b = 3361273.42 = 3476700. =: 3949.669 
Radius of curvature for the parallel of 
45'3 = fl — I = 3266508t.21 =3481279^.4 = 3956.009 
miles. The miles meant here are English miles. 

d. The circumference of the Elliptic Meridian may ba 
found nearly by multiplying the mean degree, or 
that in the parallel of 46°. by 360. The result is 
£4^66.84 miles. 

D3 The 
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TElie'cinnraftVenee-of thdlqu^tor is 34Sg6.1& miles, 
a little more than. 40 miles greater than the prec^- 
diftg. ■ \ 

The drcumferepfe of the Meridian may be found 
more accurately hy the theorem for the rectifica- 
tion of the ellipsis. See La Caille, Le^na EU- 
mmtaires dt Math, § 954. Also Bast Melrique, 
torn. II. p. 676. 

The Ff«ich, froin Uieir late sieasurement, compared 
with that in Peru, make the compression .00334, 
and the quadrant of the meridian 5131111 toiaes ; 
which gives for the entire circumference 5468481 .54 
fathoms, or 24836.72 miles ; about 1 mile greater 
than ^e result obtained above. 

t. The Geographical Mile, or that of which there are 
66 ill the length of the mean degree, is 1012.6 fs. 
tllomsiv=:^ 6075.6 feet. 



61. The semidiameter belonging to any lati- 
tude A, is nearly equal to o (1 — « sin* \), where 

ft denotes — or the compression, as before, (§ 58. 

■a.) 

(E. This is fotmd, by expressing the semidiameter of 
the elliptic meridian, in terms of the latitude, in a 
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nunner similar to Ihat employed § S7, S6., then 
estrsctiog the square root, end rejecting the 
powers. 9f the compreasion greater than the first. 

See Gagnoli TrigortomHrit, § 1558. 

b. Tbe tangent ofthe Ail^e ACE <fig.3i), which the 
. dUmete^ arisweribg t» the Utitnde a, makes with 
the greater azi&af the meridtui, or with the plane 

Cagnoli, § 1339. 

t. The angle at the centre being thus found, the angle 
' wMch the semidiameter CE makes with the verti- ^ 
cal EG is also found, being the difference between 
the former angle and the latitude of the place. 
Tbe angle which the diftmeter makes with the rer- 
ticsl is greatest at 45°, where it amounts to 1 1' 9* 
when the compression is .OOSS^. Base Mttrique, 
torn. iir. p. 292. If the compression is greater, 
this angle also becomes greater. 

d. The figure of the earth may not only be determi< 
ned hj comparing two degrees of Uie j^^diaa 
with one another, but it may also be found by com- 
paring a degree of the meridian, with tbe degree of 
a great circle perpendicular to the meridian, in the 
same latitude. 

62. If we suppose the earth to be cut at any 

point by a plane perpendicular to tbe meridian in 

D 4 tbat 
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that point, the centre of curvature of this section, 
at the point where it cuts the meridian, is the 
point in which the direction of gravity, or of the 
flumh-line, intersects the axis of the earth. 

a. The direction of gravity, if the earth be a solid of 
^ revpIutioD, passes alwayi through the axis of the 

earth. If, therefore, we conceive the plumb-line 
to be carried over an indefinitely small arch of the 
perpendicular to the meridian, either to the east or 
Treat, its direction will intersect the axis at the 
same point where it intersected it before, wfiich 
point, therefore, is the centre of curvature of the 
arch, or the same with E (fig. 3.) £K is greater 
than EH, and the degree of the perpendicular arch 
is greater (han the degree of the meridian in the. 
same ratio.' 

b. The radius of curvature of the arch perpendicular 
to the meridian, is therefore the norvutl of the me. 
lidiaa, relatively to its , shorter axis, or it is 



Va'co 
p. H. 



Edin. Trans, yol. 



63. If D' be the degree of the meridian, at a 
point of which the latitude is x, and A the degree 
of the curve perpendicular to the meridian at tlie 
same point, 
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« = |(i-D)x Jr^;. 

a = mA — ^ (a — D) tan**; 

c a — D , 

- = ~ nearly. 

o 2 & cos a' ' 

Thus the figure of the earth is determined by the de- 
gree of the meridian in any latitude, compared witl> 
the degree perpendicuUr to it 

The degree of the section perpendicular to the meri- 
dian, is to the degree of the circle parallel to the 
equator, that is, to the length of the degree of 
longitude, as 1 to cos K 

The degree of longitude is therefore A cos * . Edin, 
Trans, vol. v. p. 26. 

The manner in which the amplitude of the celestial 
arch is measured )n the case of a perpendicular to 
the meridian, is not so direct as that which is fol> 
lowed in the case of an arch of the meridian itself. 
It is best done by determining the eonvergena/ of 
the mtridiana. If P be the pole, (fig. 5.), AP an,. 
arch of the meridian, AD an arch at right angles 
to it, or nearly so : Let the latitude of A, and also 
the angle PAD be found, and again at D the angle 
PDA ; then in the spherical triangle PAD, the 
angles at A and D are given, and also the side AP, 
from which the arch AD may be computed in de- 
grees and minutes ; and its length also having bee^ 
measured^ 



DiailizodbvGoOgle 



8 OUTLINES OF NATURAL PMILOSOPHr. 

measured, the length of a degree becomea known. 
It is not neoessary that AD should be accurately 
at right angles to either of the meridians AP, DP : 
If it is nearly so, its length can easily be reduced 
to that of the perpendicular. 

Thid method of finding the amplitude of oo arch per- 
pendicular to the theridiao, is only applicable io 
high latitudes, where the convergency of the meri- 
<disos Ss-AmsidefoUe: ' Neai* tha eqmtor,' Where the 
.meridians become ^moiti pi^itaUel, « sto^\ error in 
determining the azinuitiis will produce a very great 
one in the amplitude of the arch, so that this me- 
thod Cannot iie safely employed. The manner of 
findihg the amplitude of the perpendicular arch ac- 
curately in sut^ cases, depends on the methods 
of finding the difierence of longitude, which are to 
be explained in the next section. 

It appears fnnn the preceding inrestigatians, that the 
earth is an oblate ipheroid^ generated by the revo- 
lution of an ellipsis about its shorter axis, tliat 
oxis beiqg to the longer axis as .996S to 1, All 
the arches, however, that have been measured, do 
not agree equally in bringing out this result. In 
general, tlwugh t(ie conclusions from arches, which 
are large, and at a considerable distance, are con- 
sistent with one another,- the contrary holds where 
arches very-near' to one soothe, and more especi- 
ally, contiguous portions of the same ^arch-, ve com- 
pared together. It has been shewn, that, according 
to the elliptic hypothesis, the difierences of the 
canttguous 
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, contiguous degrees ought to be proportional to the 
sinei of twice the middle latitude, (§ 59. c), and 
therefore ought to follow a very regular progression. 
This,'Uo:Jrrveri haBimtboenfonnd'tOitake place in 
any biatBOceof'actindftneasurement. In the great 
arch measured in France, in tixMsof.die- Peninsula 
of India, and in the sooth of En^and, &e contigo- 
ous degrees have differed yerj irregularly, and by- 
such considerable quantities, as could not be ex- 
plained by any probable error of observation. Local 
irregularities in the figure of the earth, manifesting 
themselves by the deflection of the plumb-line, seem 
to give rise to these anomalies. The deflection! 
are but small, and disappear altogether when archei 
of great extent, and differing by large quantities, 
are compared wi^ tme another. 

This subject will be more fully considered under the 
liead of Fhysioal Astronomy. 



GEOOtA'PBICAI. 'rR6BLEMS. 



64. The sitOation of a point in a'giteh SOperfi- 
cies is determined, when its distances are Icnown 

firom 
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from two planes, which are given in position with 
respect to that superficies. 

tt. That the deterraltifttioDS thus afforded may be the 
simplest possible, the two planes ought to be at 
right angles to oae another i and if the superficies 
is one having a centre, the planes should pass 
through that centre. 

p. In the case of the earth, the plqne of the Equator 
having its position fixed hj the diurnal motion, i^ 
naturally pointed out aa one of the fixed planes, to 
which the positions of places in the earth''s surface 
ore to be referred. 

■ The position of every place, relatively to the equa- 
tor, is determined by finding its latitude as above 
defiDed. 

f. The other circle to which the position of places on 
the earth's surface is to be referred, must necessa.. 
rily be a Meridian (a) ; but as none of the meri.i 
dians is distinguished from another, by any circum-' 
stance in the diurnal motion, of which they all 
partake alike, the particular meridian that is to be 
fixed on for the determination of geographical po- 
sitions, is a matter of arbitrary arrangement. 

d. When a meridian is chosen for a first meridian, or 
that to which all positions are to be referred,, it is 
not by directly measuring the distance from it that 
such a refereqce is made, but by measuring the 
^ngle which the plane of the meridian passbg 
through 
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througti any given place, makes with the plane of 
the first meridian. This angle is called the loh- 
gilude of the place, end the diurnal motion ftiT' 
nishes us with the means of determining it.. It 
is measured bj" the arch of the equator, inter- 
cepted between the, first meridian and the me- 
ridian of the place, and is reckoned east or west, 
according as the place is east or west of the first 
meridian. 

The ancients took for their first meridian, or that 
from which their longitude was counted, the meri- 
dian of the Fortunate Isles, a line passing, as they 
conceived, through the western extremity of the ha- 
bitable earth. Many of the moderns have employed 
the same meridian, or rather that of the Island of 
Perro, one of the most westerly of the Canaries. In 
general, however, nations employ the meridian of 
their own metropolis, or of their principal observa- 
tory ; as we do that of Greenwich, the French that 
of Paris, Sec. It has been proposed to take the 
meridian of Mont Blanc as the first meridian, being 
that of a point very remarkable in the natural histo- 
ry of the globe. It would be inconvenient to take 
for a first meridian any point where astronomical 
observations are not constantly made. 



65. The hour, as reckoned under any two me- 
ridians, is different, and the difference is propor- 
tional to the difference of longitude, or the angle 
' " which 
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which the planes of these mcndians npake with 
OIK apotfaer. 

Tlie hour at abj p]aCe, as we have alreaijy seen, is 
' determined by the passage of* a certatn star, or a 
certain point in the heavens,' over the' median o€ 
that place. Bat the star canles to atiy meridian 
Sooner than to andfher farmer to tbe west, by a 
space of time which is to 24 hou^s as the angle 
made by the two meridians to 360 degree. For 
every 15°, therefore, contained in the angle which 
the meridians make, or in the difference of lon^ 
tude, one hour is to be reckoned, by which the ac- 
count of time at the more westeriy place is later, 
or the clock slower than at the other. For all 
other angles, the proportion is the same; for one 
degree, four minutes of time ; for one minute of a 
degree, four seconds of time, &c. 

66. If, therefore, we could find qnder one- me- 
ridian the titiie which they reckon at the same in- 
stant under another, we should have the difference 
of longitude, by converting the difference "of time 
into degrees at the rate just mentionfcd. 

a. An ohvious way, therefore, of discovering the dif- 
ference of longitude of any two places, is to have a 
watch, or portable chronometer, well regulated, ac- 
cording to the time at one of the places, and then 
to carry it to the other i where, on being compared 
with 
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With the time, a> reckoned there, it will give the 
difference of longitude. 

b. Suppose at the first place, hy repeated observations, 
the star Sirius was found to pass the meridian at 
IQh 24m 35seo bv the watch, and at the other at 
gh ifim 22»« by the same watch ; the difference, 
gh gm I3sec, converted into degrees, gives 38° y 
15" for the difference of longitude, by which th« 
fiiEt of the two places ia east of the second. 

67; Ift like manner, any phenomenon, the be- 
ginning or end of which is seen at the same in- 
stant by observers under different meridians, af- 
fords the means of determining the diffetence of 
longitude.. 

For, by this means, the difference of the reckoning 
at the two places is ascertained just asFby the diro- 
nometer. 

Many of the phenomena of the heavens, as will be 
«fterwsrds explained, serve as signals of this 
kind. 

Siich signals may also be given on the earth, by the 
sudden kindling or extinguishing of lights on some 
elevated station, from which they may be seen at 
considerable distances. 

The observation of the convergency of the meridians, 
is also another way of determining the longitude, 
as already observed. To if, and the two now men- 
tioned. 
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tioned, all the methods of finding the longitude may" 
be redaciid. 



68. If the latitudes of any two places ate given, 
and also their diffetence of longitude, their dis- 
tance may be found by spherical trigonometry. 

a. If the earth is considered as a sphere, then, in the 
spherical triangle contained by the atcbeA joining 
thS two places with one another, and with the poley 
two sides are given, viz. the distances from the pote, 
or the complements of latitude, and the angle at the 
pole, or the difference of longitude i and there- 
fore the 3d side may tw found by the 3d case of 
oblique-angled spherical triangles. This aide is the 
distance of the places expressed in degrees, &c. ; 
and may be turned into miles, by multiplying by 
69.044, the mean length of a degree, (§ 60. b.) 

If tke angles at the base or the azimtitbs are also re- 
quired, it will be best to resolve the triangle by 

' Napier''9 Formula. See Eltm. ^ Geomet. Edin. 
1810, p. 378. See also Wooohouse^s TrigmtonU' 
try, p. 126. 

b. But if the spheroidal figure is to- be taken intoi ac- 
count, the calculation becomes more complex. Foi^ 
as, on this supposition, the directions of the plum- 
mets AD, BF, (fig. 6.) at the two places, if their ' 
latitudes are different, do not meet the axis in the 
same pointy these three lines do not contain a solid 

•ngle. 
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ilingl^, uid tberefbre the rules of trigoamrietry can- 
bot be directly applied to them. If, howerer, C 
t>e the centre of the Bpheroid, and if AC and BC 
be joined, the angles PC A, PCB, ore dedtaced from 
the latitudes, § 61. h. Then, in ttie solid angle at 
C, are giren the two plane angtes FCJA, PCB, aad 
the inclinaUon of their planes, viz. the difiermce 
of longitude, or the angle at P ; therefore the angla 
ACB amy be found bj the same cose of spherical 
triangles as before. Hence the straight line 
AB is also foubd, the radii CA, CB being gired, 
§61. 

. c. In this way also, are found the angles at the base 
of the triangle PAB, or those Vhich the planti 
ACB makes with the ])lahes ACP, BCF. These, ' 
bowever, are not the true azimuths, which ar&thd 
angles that the plane ABB makes with ADP, and 
that ABE makes with P£B. 

, To find these last ; if 1)B be drawn, then in tlie tri- ' 
angle BCD, BC, Ct), and the angle BCD are ^■. 
Ten, whence DB is found. Then in the triangle 
ADB, all the three sides are given ; wherefore the 
angle AJ)B may be found. Next, in the triangle 
BEDf the sides BE, ED) DB are given ; therefor^ 
the angle EDB, and its supplement PDB are 
found. Therefore the three plane angles ADP, 
ADB, PDB, which contain the solid angle at D^ 
Are given ; Whence the idclidation of the planes 
m&y be found, and therefore the angle which the 
phue FAD makes with the plane ADB, that is. 
Vol. II. E thd 
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. the Migle.PAB, ^cb m it would, be measured «t 
A. In Hie sam^ wa^ tjie azimuUi at B may be . 
fouod. 

d. When these calcutatious are applied in smaH tri- 
angles, thej naturally become much more simple. 
7he process now described, contains a general So- 
lution of spheroidal triangles, which have one angle 
at the pole, whatever be the oblateness of tbe sphe~ 
roid, and whatever be the magnitude of tbe tri- 
angles. 

69. The'Artificial G^obe is a delineation of the 
surface of the earth, and the circles belonging ttJ 
it, on the surface of a sphere, moveable about an 
axis; it serves to give a correct notion of the fi- 
gure and. proportion of -the pacts into which tbe 
earth's surface is either. natitraUy or ^ttificially 
divided, as well as to resolve many of the pro- 
blems of. get^raphy, when great accuracy is not 
required. 

' A contrivance of the same kind is applied to tbe hea- 
vens. The uses of tbe celestial and terrestrial globes 
are fully explained in most of the treatises on 
Astronomy and Geography. 

70. A Map is a representation of the, whole, or 
of a ^ct'oE tbe earl^V sUsfilce- o& aplane'^ and 

■■ , though 
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tbj^gb IesS:C«)rr@:t, bjcbejog lesb expensive, and 
inareL^rtabk) than thp preceding^ it is of much 
tBM-e general use. 

It 19 impossible to delineate on a plane any figure 
that can accurately reBemble «ne which is extend- 
ed in three dimensiong. A certain degree of re- 
gemblafice may, howerer, be .(>b:tained, and, jn the 
cpnstnictipn of maps, this has been sought for is 
two ways ; by the pny'eclion of the spherical sur- 
face on a plane, such as it would be seen to the eye 
n^aated. ia a particular point; or l^ the dtvelope- 
«un(,'tlMiis,tbi'^tl«sdwg:eid4rA apbericalons 

7 1 . The Stereograpkic Projection, is a represent 
t«t«(Mi «f - tiie sur&ee -of a 6ph«fe on the pdane of a - 
great circle, 3iich«s itwbiild'appcar to an eye si* 
tuarted m the pole of that circle, or in a point yO*" ; 
distant from every part of its circumference. 

«. It is tisusd to-siipfibse the eye placed in the equd- 
t4r, OQo-diiStattlf^mt^'eqiiiaectHfl poui'tsjBo that 
the plane of projecftidn ia the equinbdCial colure. 
If the eye is placed is either 6f -the ^equinoctial 
points, the plane of projection is a circle at right 
angles to the fonner, called (for a reason that will 
afterwards appear) the Solstitial Colute. 

!l]lK,beiiiiqA«Ee QQHU'n.Elo'tii^E^v, Af-'Oii thej|ideio£ 

f^jplane opposite to the eye, is Qrat delineated. 
E S The 
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I'be ey-e k thm rappoiecl placed in the oppodU'' 
pole, and the other hemisphere if in lilce manna' 
' repreaoited. It ia in thii wfty that Uie Maps of the 
World are araallj eonatmctedi 

i. The steveogr^hic projection has tliase two Ter3r 

remarkable properttes. 

1. All the circles of the sphere, both gr^t and 

small, are represented hy cirdei in thi< pro- 
' j'eotioiT. 

2. AHf Hro oAtes cot one another' iA A» projec- 

tion, at the tune ani^e in which th^ cut one* 
another on the surface of the sjdmf. Ac- 
cmdingly^ the parallels of latitude in this pra^ 
jectiofc «ut the meridians at right angles. 

^beae properties centtibute' much to Hie simplicitj 
and beauty of the conatnictiony which^ howerer,- 
hai this disadvantage, that the same area bn the' 
earth's surface, is represented bj a mn^ Wger 
area near the equator, anil especially towards the 
edges of the projection, tiion at a greater, distance. 
Notwithstanding of ttus^ the stereognqibic projec- 
tion is well adapted to J/opt of the Woridy or <^ 
large porti(tts of the gbbe. 



ft. the construction/caUed Flamstezd's Pro- 
jection, (though it is rather a DevelopemeDt than 
ft PfojectionX is veiy weU cootmed fbrtbe repre- 

lenttttioHf 



DiailizodbvGoOgle 



ASTROHOMT. 69 

sentatioa of smaller portions of the earth's sur- 
■ ftce. 

#. In tiib coqatmctioB, a itniight line is dnwn for 
^e meridian of the mifldle of the map, op which 
ore marked off equal distances, to denote degrees 
fif latitude^ From « point ia this line, M a cflutre, 
and with a radius' that is to the length of the de- 
gree of latitude as the cotangent of the ,middle Iati> 
tude to an arch of 1 degree, an arch of a circle ia 
described, to represent the middle parallel of lati- 
tude. From the same centre are descrUjed other 
arches, through the differfist points marked off on 
the meridian ef the nuiddle of the map, which re- 
l^vtent the different pandJels of latitude. On an^ 
Miepfihese parallels, equal distances are set off on 
mifk side of the .middle po^t, which, are to the as- 
sumed degree of latitude, as the cosine of the lati- 
' tude of that pafallel to fhe radius; The degreei 
of longitude af^ thus marked on each pantUel, and 
the curves which pass through the MrTesponding 
points in the diff);rent pariiHek are meridians. 
These are curved niore and more on retiring; 
' from the middle of t£e inap ; but unless the extent 
is vaj great, thef afford a rely'good^rejiresenta- 
tknft^the wm^^ sutface. < 

f. This constriction has 9 very remarkable property, 
tiz. that the quadrih^terak in the map, included be< 
tween'the meridians aiid parallela of latitude, hare 
^le same ratio to one another neai^j, with the qto- 
#rilsterals which th^ represent on the ratftee'of 
E3 tho 
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tbe ^lobe. See Mbnoirt sur la Projeoti^n de^ 
Cartes Geograpkiques, par M. Hgnrt^ 4to, Paris, 
1810, chap. H'^f, p. 65., 8fc. 

73. The construction which is called Merca- 

tor's Projection, is chiefly used for nautical 

.charts. In it the meridians are parallel lines ; tbe 

. degrees of longitude are, all equal ; the parallels of 

. latitude are also parallel lines ; and the degrees of 

' latitude increase on the chart in the same ratio that 

the degrees of longitude diminish \n the sphere, 

pr in the sphei-oid. 

a. Thie consequence of making the degrees df latitude 
" initt^ase in thiscKartjin the mannerdescribed, is, 

tliat the degree! of' latitude and longitude bear to 
' ont'&n6ther the same riitlo'that th^ adtuallj' do on 

ttie surface of the earth ; an^ as the meridians are 

ail ptu-itQe], tbe rhuihb-lines, or the Knes of azi- 
'!6iuth, are straight fines. Hen<fe the' great use of 

tbis cbnstrucfron in navigation. ' 

^. Tbii very ingenious contrivance ' i^ alluded to, 
thoiigb obscurely, by Ptolehy. It was first used 
among tbe modems by Memcato(i, whose name it 
bears ; but the principle of it was first explained by 
£d. Wright in 1599, who shewed that the parts 
into which the meridian is divided, must be ip- 
versely as the cosines, or directly as the secants of 
t|ie latitude ; and he taught bow it oiigbt be con- 
structed 



:., Google 



ASTROMOMT. 71 

structed by the addition of the secanta of a series 
of arches taken iti arithAietical progression. 

It was afterwards observed, that the meridian line 
thus divided, was analogous to a. scale of loga- 
rithmic tangents of the half-complements of the 
latitudes ; this was at first only known as a fact, 
but was afterwards demonstrated by Jambs G-rb' 
oort, in his Exercitaticmca Geomttrica, 1668. Dr 
Halley proved the same in a more condse man- 
ner, Phil. Tran*. N° 319., and greatly improved 
Ae constmction'of the cbhrt. 

For other methods ^of comtructing maps and charts, 
see Vabe^ius, S^t. iv. chaf. 32. £7uyclop4die 
Jfethodi^f art. Cartes. ^ 1,orgna, Prindpii di 
G«tgr(^», 4to, Verofia, 1789. Traiti de Topo. 
grqpiief &C. par t, {'i^iiftAi^T, Liv. ii. La Gramob, 
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Sect. V- 
. of pabal^axe^. . 



" Hatimq obtatae' an Mcnrsto hoUmi of m^e figure, 
of the earth, we are enabled to meature tbe lioea 
either on its surface or in its interior, which most 
■eire a^ the bates Horn which, hy the mlcs of tri- 
gonometry, we are to deduce tbe distances of ob- 
jects observ^ in the heavens. Tliough the fixed 
■tars are too fkr off, to have their distances tfaui 
ascertained, there may tie others, of whidi the dis' 
tances admit of being compared witfa the diameter, 
of the earth. All distances that are not ascertained 
by the direct application of a measuring line, arc^ 
determined on the same general principle; that 
ts, from the change in, their angular position, which 
is made by a hiown change in the positioa of the 
observer. This leada us to consider what is called 
the Parallax of an Object. 

74. The paiallax of any object in the beaveDS, 
is the difierence of its angular position, as it would 

be 
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i* 9»n from the centre of the Cfirth, aa4 as it is 
seen from a point on the surface. 

Tbe parallax of an object, u therefore the lame 
with the angle which the dutonce between the 
centre sad a gwea point on the Surface subtends 
at the otject. 

IJliough an object to have no parall^z, ought* strict- 
Ij speaking, to be at an infinite distance, ^et it will 
have no sensible parallax, if its distance is r«7 
great compared with the diameter of die carttl. ; An 
'angle of one-fourth <^ a leooiid may b« coBsldered 
98 inaensible ; so that if th^ radius of the earth 
subtend an angle, at the distance of any object, less 
than one-fourth of a second, that object will be seen, 
from ell points of the euih's surface, in th^ same 
position. 

Now, an arch of 1' is .000004848 of the radiui ; and 
the fourth of a second is therefore 



and therelore, if a body is distant frpm the earth 
by 8S5082 of its semidiameters, it can have no sen- 
ile parallax, 

Though the centre of the earth is a point from which 

DO' observations can be made, yet as it is equally 

related to all the points on the surface, the posi- 

^ns of the heavenly bodies may "be most conveni- 

■ ently 
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' endy ■ refeired to it; When >- star u eeea ia the 
zenith of aD^ police, itii BecD. in Uw nine portion 
.as if it were viewed from the centre. 



. ..'JS. Thft.pamJlax of .a )«jdy at.agiven distance 
from the centre of the earth, isigqofttim when the 
, body, is seen in the borixon. This is called the 
Jl^rizonfal ParaUaj; ; and the parallax at any gi- 
.....ven, altitude,, QC, the, quantity by which the true 
-.-^tibKl«'>ia 4i<nM)t^he(l« ;>S; Xo. the horizontal paral- 
)slftXi-a&itb« cosine of the al;nt;ude ,to. t,he rat^us. 

If P be the horizontal pEu:allax, p the parallax at the 
. iiltituds <i, j) ^ F X cos a. . 

" " Tf r "be the radius of the earth> sapposing ttapherical, 

and i the distance of the bodj^, -7 ;= sin F. 

When P is very amall, Frz^. P being expressed, 
not in degrees, biit in parts of the radius ; to have it 
in degrees, ^ must be multiplied by m, the nnin* 
her of degrees in an arch equal to the radius. 

If the horizontel parallax ^ .knowi;* the distance i 

Tfce 
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Tlie distances of bodies hnmf diftereaf - horizontal 
parallaxM, are therefore inversely na the sinea of 
those pSiiUaSes, or, when the parallaxes are gwall, 
inrcradf aa^be pttralls^es themselres. 

7fi. If'ii^to'obsiervCTs, nnder the same meridian, 
but at a great distabCe' from "One another, observe 
the zenith distances of the- ^ame star, when it 
passes the meridian on ^ thft -ssKfte day, they Can 
from thence determine the iiorizontal parallax. 

}f the amplitude of; the arch of the meridian inter- 

' cepted between tJfe. zeniths of the obserrers, be 

'CMUedflf'-and i£if*aad ^ be Uk ^^th ^^atances ob. . 

served, making one of them ne^ttfyein respect of 

the other, if the star be between the two zenith^ 

"- A,- a^ ,'g,— .»'.-^g.: . 
sm ^ -— sm ^ 

a. If A"atia'B"(fig'- 7.) be tlie places of the obserrer^, 
Z, Z' their zeniths, and C! the centre of the earth ; 
' S' the star, of which the parallax is tobe found; 
if SA, SB, SC be dra™. 

(*g.Z' AS = ang; ACS'+ ang. ASC ; 

ang. 2'BS ■= arig. BCS + ang. BSC ; 

, . mbtracting the lower equation from that above t^ 

■ang. Z AS-^-ang. Z'8S = «igi ACB + mig. ASB; 

or ang. Z AS — ang. Z' BS — ang. ACB = ang. ASB ; 

or ^ — . ^ — a = ang. ASB. 

If 
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if P be tlie horizontal parallaz, 

Mig. ASC = F X lip ZAS, and 
9fig. BSC == r X sin ZHS i wbenca 
png. ASB = P (sin ZAS~sin'Z'BS) 
?= P (ain f — sin i^f). But aog. A8B =c 
. f|— f*— ,«;.th«frfpre P = 
. ■ ■■■■ ^ ■■■■ j^-^- 



Ileticc. also, 



?_^- 



p must be safqioBed negative, if the tUt'u between 
the zenMu. 

p. If the star does not change its declination, this 
formula will give tfai horizontal pak-allax, thbugb 
the observer be not On the same meridian, because 
the meridian alttUide of such a stari isthe s^me at 
all places in the same latHud^ 

f. If there is a change of declination, and if the ob- 
servers are not under the<same meridian, then, by 
repeated obsM'wi^iis^ ^e zenith distance at any 
of the places, the itafa change of decUnatiim fw a 
given interval of time, may be found ; and so, fronj 
the observed altitude at that place, the altitude at 
any oUier pla«%, nnder the same parallel, may be 
found, if the diiference of longitude is knpwn. 
Hence the ^thude is known at the place where the 
m^dtao 
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iaeriduin of the second observer iotersecU the pa- 
rtllel of the first, and thus the piundlaA it comfni- 
ted as ahbvei . ' 

This method (^ finding the paraDax, was applied to 
that of the moon, bj La Caille, wlio' observed at 
theCiq>eef 'Good Hope, toia'LkXS&HDK, whoob-' 
■erred at BeHioi in 17A1. ItthAMmtAttronomMi 
torn. n. g lesO. 

77. 'I*wo observers being suppcfsed, as in the 
hst article, the parallax of a atar may be founds 
bj con^wriQg it with t 6xed ^r, (which has no 
parallax), at the time of its passage oyer the meri- 
dian. 

For if S be the ol^ect fi^ vliich the parallct Is to be 
found, as before ; T a fixed star, that passes the 
meiidiaa at the sune time^ or nearljr at the same 
time with S i the angl«a TAS, TBS, may be both 
measured, and thej are togeth^ equal to th^ angld 
ASB ; because AT and BT are parallel. 

*Iitt angle ASB being thus finind, the rtat of the cal- 
culation is as above. 

La Caiuk and WAnoiNTxit, tb^ fonter at the C^>e,' 
the latter at Stockholm, enqdoyed this method fbc' 
finding the parallax of Mars. Xu Lavoi, bun. u.~ 
§1653; Vu(c>,Tol.i,gl£S. 

79. If 
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■7&. If' these computattopa are tp he [QSid^ wKh 
ftocuiaoy, tiatLspbejroidRl Bgun.ioiist.'beidkeBinto 
account, as affecting the observations in- two 4ifie- 
rent ways, yit. by makiqg the semidiameters of 
the earth unequal, u^der ditTereat parallels, and 
by making the .zemtb different froio the,pfl»flt ia 
which. th« s^^ipEQ^ter of ths earthy if pf odticed, 
Would meet the heavens. 

If the radius of the equator be called a, aa in the Int 
■Qitfon, and if r apd / be radii- ef flie earth, com- 
puted Sea A and By limA if the horifcoi^l ponilhid 
St the equator xu, at A the berixontAl poodlaa 

r '• t' 

will be n X -, and at B, n x - i and therefore, 

sigj^Dsiiig thp ?enMti,^Bta9re»jp 9^ jft* ^> be fpnnd 

as befof?.. but.tq.Jj^.c^njected ;% the Wt^fs be- 

. tiwem ^ ver^ifal ^ the sea^i^iaoKtRF aj; each 

■tation, thea n 1= _g(y'— y ■-«) 



f9^ The patidlKt -^ects the -posittert df'abody, 
only by depressing it in the direction of a vertical 
pl^e;. ^DtJ thM?fi)W:d(««.SPt change iu pla^P in 
aKJnkulW.'DE ia th^ 4>recjion.af aoy pkae parallel 
to>tbe hpniM ^tiut it ohanges the piaoein-Mspect 
to circles, which cut th» Verticrf obiiqiK^y/ such 
as the circles of declination and of right ascension. 

' "■■ These 
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These changes are called the parallaxes m right 
luceiisien-aHtldcclinatialb . : 

fl.Infig.8.ifPfeObe the meridian, Ptte pole, Z the ' 
zenith, S the true place of the star, depressetl by ita 
parallax to S", in the direction of , the vertical circle 

■ ZSS'; let PS be a circle of declination passing 
through the trae place o( the star, and PS' another 
such circle, passing through the apparent place. 
If SM be drawn perpendiclar to PS', MS' is the p«< 
rallax in declination, and the angle SPM, tlie pa- 
rallax in right ascension; Tlie triangle SSIVf maj 
be Considered as rectilineaU «nd If w6 make the 
«ngle«t Sj or what is called die angh of poiittott, 
=^, the parallax in altitude, or SS', being =p, 
we have M8'=j»xeo»j:= ptnrilax in declina- 
tion; also SM=;ixsiD^; and hence the angle 



' t. Hence it onar be iW*n^ that wdm the boriamitfll' 
pussliitx is prrea, thetpari^sX ie right asoeBBionia 

. pfopVtt^uid to Htnt^oweAtts^beZPi. 

As the parallax in right ascension is nothing, when 
any body is on the meridian, and increases oii ' 
«itfaer-«dp, ,hj tetofadng- the diffsmnee "fae. 
tmea- tMej-t^ae-irhw^be favd^« «n|l-«.!9ttft neat' 
U ity<cMi»q to Alit- weiijf a», Tfiffa litte diffit-ence 
l)«ttve9B-,tbe tiiD«8 w^ff it^jF iwm» Mo Mm < same 
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aicension may be foand ; and thence ihe horicoD' 
tal parallax maj be concluded. Vincb's Jttroiuh: 
tHy, vol. I. § 160., &c. See also La Cailli, Attro- 
tumit, § 651., be. ; and La Lamdei LiV. ik. tmn'.' 3^ 
g 1628., &c. From the difference between the al> 
titudes df the body and of the star, as they i^pear' 
On the meridian, and as thejr appear near the btni. 
ic6n, the parallax in altitude maj be a^ more ^ 
^e^j concluded. 



Sect. Vi. 

JlOTION OF THE itfH. 

Ml. Tub great orb which is the source of ligfa^ 
and heat, and in whose presence all other Inniina- 
hes disappear, partakes, with the stars, in the dior- 
dal mocicfn ; but the time between his' passing tiie 
meridian one daj, and bis passing it the next, is' 
greater than a syderial day, and, at a me^unr^ ex- 
ceeds it by 3 minutes SB seeondi and a half 
nearly. 

The stm, tfietefbre, appeaiV ttf go taAward Onon^ 
the fixed stars -erery day, by an arch' correspond- 
ing to »» A6i>, or Iry 59* 8".S. This h the mam 
rate ; the real motion of the sun is sometimes fas- 
ter, lod simetimM abnrer, Aan this qtuuftttf . 

The 
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'like meMi interval «^ time between the sun^a pasaing 
the meridian one day, and hb passing it the' next, . 
is called a mean solar day. 

The solar eXteeds the siderial daf by 3» 56" 33t of 
riderisl-time; &r by 3" 60" 25' df solar time ; and 
the lengths u« la tiie ratio of 1.0037899 to* 1^ 

81. The son does not move eastward in the 
plane of the equator, but in the plane of a circle 
Cutting it obliquely in the two opposite points, al- 
rtady referred to, of the Vernal and Autumnal 
E^ainoses, and niakiug, with it, an angle of 23* 
27' 30" nearly. 

a. That the sun's motion is all in one plane, may be 
shewn by observing his right ascension and decli- 
I nation, every day at noon, and marking it qff upon 
a globe, on which a great circle, representing the 
equatdr, has already been described ; or, which u 
better, by remarking, that the sine of the right as- 
" censimi has always the same ratio to ihe tangent 
of the declination. - This' could nofbe, dfales^'lbe 
^fUtite passiog through the sunaad the TCrnalxqiri- 
nox^jjpade a constant angle with the.equator, such, 
that the radius had to its tangent a ratio the 
same with the preceding. 

'The circle which the sun thus appears to describe in 
the heavens, is called the Ediplic, aifd the angle 
which it makes with the equator, is called the Obit- 

^»b.U, F . . . . -■ yui(y 
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ft^9fai»£etiflie, A Yev w the line wUdl tbc 
sun Ukea to deurilw this cirde. 



9a. During the ipparent diurnal rart^utHm ot 
the hearnis, tfae plane of the ecliptic does not re- 
mBin fixed in ks place, like the equator, so as to 
be always vertical to the same point on the earth's 
sur&ce. The places, however, over which it 
passes, and through the zeniths of which the son 
must pass in his annual course, are all contained 
within a zone, extending about 23° 28' on each 
side of the equator. 

a. This ' tract, which is caDed the Torrid Zotu^ is 
bouaded hy two paraHels to the equator, called Uie 
Northern and SovtKera Tropkg ; the iatitade of 
each of which is equal to the sun's gmteat deelini^ 
tion, or to the obliqtut/ of the ecliptic. Front 
Uiem the sun appears to reUun back, sad hence 
the&rnaiDe. 

99. Each pola of tfae ecliptic is distant from the 
corresponding pole of the equator, hy an arch 
equal to the obliquity of the ecliptic ; and in the 
diurnal' revolution, they describe the circles called 
the P&tar Circles, 

These circles are also called the Jretic aad JiOarctie 
Cirda, and the spaces wiUuo thou are the Frigid 
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The 3*impermU- Zm^i; are tka«e ctntldtaed Intweeo 
tb« Torrid and Frigid Zotws: 

£4 If a straight line be ^rawn froig the kentw 
of ^ stta to the centre of tlie eartb, a great circle 
on the earth's surfacCj perpeDdteular to this Unc, 
will separate the enlightened hemisphere ffoia the 
dark one*, all the places within certain limits^ 
will, by the revcJution of the earth on its axis, be 
made to cross this circle twice in the course of a 
solar da^ ; at the one of which points^ the Sun inll 
appear to rise, and at the other, to set ; the circle, 
also, which separate the light from the darkness, 
will have a vibration cortesponduig to the aun's 
annual .moUotl, by which it will incUae alternate- 
ly toward'thB-noith-and toward the south. 

The' circle G^ratiqfl Daf &9bi Night, or tfat Ugbi 
frtua the dark hemi^herr of the evttti U called, the 

Circlt of lUnmiitatiotL 

«. Wheo ifae raa is iir the equator, the circle t£ illtl- 
■qinatioD panes through both the poles, and ereiy 
parallel f)f latitnde is oqe-balf in th< light and one* 
half in the dark ; so that day and oigbt are equal. 
This is the season of the £quuiox, and the snnV 
Ineridisn distance frdm the zenith of every place ii 
then equal to the latitnde. 

f S i. As 



:., Google 



14 OUTLINES OF NATURAL PHILOSOpHr. 

i. Aa the sun passes to the north, the dndtJ t>f iUfl' 
minstion inclines also to the north; the sun 'ap- 
proaches nearer to thk zeniths of all the places in 
the northern hemisphere, and retirea by the same 
quantitj from the zeniths of bII the places in the 
southern. The days lengthen in the former hemi- 
sphere, and shorten in die latter. 

c. In the Northern Frigid Zone, over a space equal 
to the sun's declination, the sun does not set ; and 
over an equal space in the Southern, he does not 
rise. 

d. When the sun arrives at the Northern tropic, he 
has approached as near as he can to the zenith of 
every place between the Northern Tropic and the 
Pole, and has receded the farthest from the zenith 
of every place in the southern hemisphere. The 
days are the longest in all the fonner a( these ; the 
shortest in the latter. Within the whole of the 
arctic circle, the sun does not set on the solstitial 

■ day ; and within the whole of the antarctic, he does 
not rise- It is the Summer Solstice in the one he- 
mbphere ; the Winter Solstice in the other. 

t. The same vicissitudes take plac6 in a contrary di. 
' rectibn, as the sun passes to the Southern Tro- 
pic. 

f. The four points^ the two Equinoxes and the two 
Solstices, divide the year into the four Seasons. 
The positions of the circle of illumination at these 
four times are represented, iigs.9, 10, 11. 

ff. The 
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g. The length of the day for any latitude, and any 
declination of the sun, may be calculated,- like the 
coDtiaaaooe of a star above the boriKon, § 27. 

h. The determination of the length of the year, re- 
quires the time of the sun^s crossing the equator to 
be accurately defined. 

85. Ths limf: of the sun's cros^ng the equator, 
is found by observing his declination at mid-day, 
foe several days before and after the equinox ; fo 
that an equation can be found, expressing the re- 
htion between the time and the declination sLiffi- 
ciently exact for a. few days. If, in this equation, 
the declination be supposed equal to nothing, the 
value of the time corresponding will give the mo- 
ment of the equinox. 

The manner of finding an eqnstioQ between the time 
and any quantity determined by observations, made 
at given intervals of time, is called tbe Method of 
fnttrpoltUioH., \i is muc!) used in astronopiy, and 
will be afterwards explained. See NewToif^s Prtn- 
cipia^ lib. in. lemma 5. Lil Lands, Astronomit, 
torn. 111. §4113. Li Caills. Ztfona ^lemeiifairet 
d^JtlronoMte, § 13S, &c. 

Nearly in the same way, the moment is found, when 
the sun's declination is greatest either on the north 
or the south side of the equator. The only diffe- 

, , rence is, that when the equation is obtabed be- 
F 3 tweea 
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tween the time Oai ihe dtelloBtiDn, fhe latt^ most 
be supposed a maximom, or its finzioB must be 
mde equal to nothing. Thence the tiaic of the 

Bobttce, aod also the declioatjon itself, when a ma- 
ximuin, may both be found. 



86. The length of the year is determined, by com- 
paring together the time of the sun's being in either 
equinox, or in either tropic, for one jrear, (found 
as slrave), with the time of his being in the same 
point foi: another ye^r, distant from the former by 
a considerable number of years. The interval 
reckoned in days, and parts of a day, divided by 
tiie number of ye^rs, gives the true length of the 
year. 

^ It was soon foiind, Uiat the year w^ nearly equal 
to 365 days. But when two equinoxes, at the dis- 
tance of 60 years were observed, the interval waa 
found to be nearly £1900 days | this, divided by 
60, giyei; 365jt ; which ia nearly the length of the 
year. 



i^. This, however, is too great ; and more accurate 
flbserratioD has found it to be 365d.e42S64, or 
?65<) 5b W Sl'.fi. Bioi, Mirm. vol. n. § 40, 

Sdedit. 



87. If 
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87. If, ftt any pUc«, the sun's greatest altitude 
in summer, and his least altitude in winter, be de- 
termined, half the sum of these altitudes is the 
complement of the latitude, and half their differ- 
ence is the obliquity of the ecliptic. 

The ohserrfttions fron which these eondiuipiis are 
deduced, must be coireicted for refractioii, accord- 
ing to the rules in Sect. ii. They oqght alip to be 
corrected for the sun's pvallax, which, however, 
cfinnot be exacdy found by any of the methods yet 
explained. 

88. The Ecliptic is divided into twelve equal 
parts, which are called Sigm- it also passes 
through twelve constellations, which are called 
the Twehe Signs ; and the zone of the starry hea- 
Tens, in which they are contained, is named the 
Tkidiac. 

The names of the twelve Signs, and the <^sracters by 
which they are usually dendted, are> 

Aries, T Libra, £f 

Taorus, 'V Scorpio, v\ 

GvaAai, n Sagittwins, f 

'Oancer, 83 CBpricomus, •^ 

Leo, St Aquarius, m 

Mirpi, wf Pisces, x 

F 4 The 
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The msaner of referring any point to the ecliptic, of 
which the position Is known with respect to the 
equslor, or of finding its longitude and latitude 
from its right ascension and declination, has been 
already explained, § 30. 

If the point is in the ecliptic ; if, for example, it is 
the sun itself of which the longitude is required, 
from knowing the right ascension or declination; 
we have 

, tan. M Q , , 

tan. long. © =: ^^rucnr' °' "^ ''*"S- © = 

^ n Obi. Ec ' § ^" '^^^ character M denotes 
the Right Ascension. 

89. The point in which the eqiiator and eclipr 
^ic intersect, is not immoveable, but appears, in 
respect of the fixed stars, to recede towards the 
west, at the rate of SO'i nearly per annum, or about 
1° in 72 years. 

This motion is called the PrecMsion of the E<{Vtnoxet ; 
and by means of it, the' equinoctial points describe 
an entire cirde in S586T years, which is the annua 
magniu of the ancients. In bousequence of this, 
the longitude of the stars continually increases, at 
the rate of a degree in 72 years nearly. When the 
Kodiac was first delineated by the ancient astrono- 
mers, the middle of tfie constellation Aries was at 
the vernal equinox, from which it is now distant 
more 
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nore tfcan 96°- towards the east; ' HinPARCBos 
dbcorered the precesaion of tiie equinoxes; hj a 
comparison of bis own widi more >ancieiit obserra- 
tions. 

90. On account (if the prfccesfiion of the equi- 
noxes, the tropical year, or the tinfc in which the 
sun moves from the vernal equinox to the vernal 
equinox again, is less than the timp in which he 
moves from one star to the same star again ; the 
vernal equinox having gone westward so as to 
meet the sun. 

The time in whit^ the sun goes from otie fixed star 
to the same 'fixed star again, is called a Siderial 
■ Year, and is longer than the tropical year, by the 
time that the sun takes to aloVe over fiO^^ of his 
orbit. Tbb amounts to .014119 of a day, or 
20* 19".Q ; so that the siderial year is 36S^ 6*^ %■ 
1:5. 

91. The Ohliquity of the Ecliptic is also subject 
to change, and appears to have been constantly di- 
minishing from the remotest date of astronomical 
observation : its present rate of diminution is near- 
ly SO/" in a century. 

A Chinese observation of the sun^s altitude at the 

solstices, as ancient as the year 1100 before Christ, 

has 



=d by Google 



9l OUTLINZS OF NATUIUI. FHItOSOPHY. 

hai bfem pmerwai ; Md from it Xu Fi-aoc <ie<liices 
tbe «Uiq«itr «t thai time, = 23° SV 2." Comuh^- 
aana 4e» Tern, 1811, p. 432, 

A series tiS observations, from the age of PrvBSAS, 
down to the present time, fwnfirms the same gene- 
ral resirit. I^ Pi^cB, ibid. La Lande, Attron. 
§8788.; Vncs. JUrmL i. § l&l. 

The mean. obliquity for 1750, was determined very 
' exactly by La Catlle end Brabiey, to be 23° £8' 
19". 

The obliquity, beside this [Mx>gressiTe diminution, is 
subject to slight periodic irregularities, which are 
ndt J>er« ocwwdeeed. Th« diaiinution itsdf, 
tboujb ^iparenUy .prqgivstive, wBl bejCbuod afW- 
-wwds to be J«^ly peijwUoal, «nd « itart of a slow 
vlbTation, by wJiich tM ^Utquity lof tfae ecliptic 
altfflTiMely incraasas nA rdimiitiabes witfaia very 
nuTow Umita. 



Apparent 
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Apparent Orbit of the Sun. 

93. If the sun's motioii in the ecliptic he deter- 
mined by observaticwi from day to day, (S 81, a^, 
it will be found, that it is ..not UQiform, but is 
swiftest about the beginning of January, and 
slowest about the beginning of July ; being conti- 
imtlly retarded ioMi Juiuary to f uly, and accele- 
rated fi^om July to January; 

93. If the appamit diameter of the -sun be also 
obseived every day by a micrometer, or any in- 
strument that measures small angles with great 
exactness, it is found to vary, so as -to be greatest 
when the angular motion is greatest, and least, 
when it is least. Tbe angular velocity, and the - 
diameter of the sun, do not, however, vary in the 
same ratio ; but the angular velocities, at any two 
points of time, are as the squares of the apparent 
diameters. 

Tlnu, if e sod t/ an .Ae wignlar mlac^cs of the anil, 
orhisdiumal adTanov im t^$ «<;ljpti(^ atfuiy two 
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seasons of the year, d and d his apparent dwmeten 
at the same times, n : t/ : : d' : d", or — =.- -=t , 



94. As the apparent diameters of the sun must 
be inversely as his rectilineal distances from the 
eaith ; therefore the apparent velocities of the sun 
are inversely as the squares of his distances from 
the earth. 

.. If D end If be the real distances of the sun from the 
earth, at the two iDstaots, when th« angulw velo- 
cities are v and o', c : o' : ; D" : D'; so that w D* 
is a constant quantity ; that is, the product of the 
.diurnal motion into the sun's distance frpm the 
earth remains always the same. 

95i As if is easy to prove that vD* is double of 
the sector which the line drawn from the sun to 
the earth describes, while it moves through the 
angle u ; therefore the areas described by the line 
drart'n from the sun to the earth, in equal in- 
crements of time, aire equal, and, in any times 
whatever, are proportional to the times. 

'■ ■ Thiris the Firsf'taw of Kepler, in as fbr as itelates 
' ' ■ to the motioiQ of Ifeesun. . . . 



9^. On 
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96. On comparing tbe sun's di'ameter/measiired 
from time to tinie, with his place obserted in'the 
ecliptic, it is found, that if the siin's mean appa- 
rent diameter be m, his least diameter m — », and 
z, his angular distance at any time from the point 
in the ecliptic where hts diamet^E is least, his ap- 
parent diameter at timt time js m'~^ncosz, 

OT = 32° 06',?':^ and m~n = $l? _3SfSf', so that 
n = 3r.4> tttd m:n::iaSm:3XA, «r a> 5945 



Q7. Because the distance .of the sun and earth 
must be inversely as the apparent diameter of 'the 
sun, therefore, if the distance be called y, y zz 

, where B is a constant quantity, to be 

m — Bcoss "^ 

determined by observation. Hence it can be shewn, 
that the orbit of the sun is an ellipsis, having the 
earth in its focus. 

From the equation y := , it is evident. 

^ "^ ra — n COB X ^ 

that y la greatest, when z~0, and least when 
twisty. If therefore, FA be taken (fig. 12.) eqbal to 

, and FP = , they will represent tJu 

greatest 
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gVMtert mi leart dntaneN of the sun from the 
earth, and B = AF(m~ii). Let the mrve AGF 
be tbe oibit of the avm ; the earth being supposed 
•t F) the place of the suo at any time being G, and 
the angle AF6 being ~ a ; draw 6H perpendicular 
to APi then m^ — a^cobi = B = FA(m — n). 
Now, ^sFG, and ^cos; = FH; tlMnftirv 
M.FGr;ii.FH-|-(»— ii)FA. Produce PP to 
K, ao that a. FK =::()« — k) FA; then m.FG = 
« . FH -(■ • ■ PK = n . HK. Draw SL pei^endi- 
«akr t» AE, aad GL pvaHrf to AS; then 
m . FO = » . 6L, or m: : a: : GLiGF. Tbe 
line GF, then drawn to the given point F, hv a 
given ratio (of a less to a greater) to GL, the per> 
pendicalar drawn to a line ^ven in position ; 
therefore G is in an ell^isis, of which F is the fo* 

cus, KL the directrix, and - tbe ratio of the semi* 

toansvene aaa to the eccentridt;'. 

For the prop^jr of the ellipats, here referred to« 
■ see HahiltonV CoKh Sttiiaiu, Book ir. Prop. IL 
Euisox, Section. Con. lib. v. prop. 98. 

98.~Thc positicm of the transverse axis, or of 
what is called in astronoroy, the £ine of tie Ap- 
ada is found, hy taking the middle point between 
two positions of the sun, in which his diurnal mo- 
tion is the same, 

■ th. 
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The (dace of tW oftidn lion fowmd, mf be oontccC- 
ed, on the piiDciple, ^t the szisvis'tlM otdf line 
drawn ihrou^ the foeus of ob ellipse, which biaects. 
its area. The time, Uiwefore, from t^e-Mo'l being 
in one apsis, to his bdng 180° fttrther advaDced, ia 

' preciselj half ayear. When, therefi^e, two pointa 
are ftnind iii the 3un''a orbit, 180^ or 6 signg distant 
from oae anotber, and mdk, that the sub talces 
precisely half a year to pass iram the «ne to the 
other; they are the Higher and the Lower Apsis. 
La Caill!: , MhH. de tAcadi da Setauu, 1742. 
Also bis^tronomie, p. 7S. WMnwuiai, A»tnm. 
p. 210. 

Tliiu tfae loB|^ti«ie of the ^bdion, for they«ar 1780^ 
was dftetTnined by I)e Laubre, from Dr Maue- 
lyne's observations, to be 99* S'lft'.S, or 9" ff 
19".g ftdranced itttA .the ng^ CapcfV. The mib 
passed through this point 4ni past noon on the 3Ist 
of June, according to the tine at Greeawwh- Biot, 
Aitrim, rol. i. p. 280. 

The eooentricity of the satCt orUt Is found,- b 

terms o( the mean distance^ (§ 97.) = — x mean 

£st. .0 . A meAod of finding k more accurately, 
will be immediately explained. It has been deter- 
med to be .016614, the mean distance being 1- In - 
the following propositions, the m«an distsBce = a, 
and the eccentricity = e. 

99. Th* 
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99 The position and the species of the san's Or- 
bit, being thus determined, the calculation of his 
place for any given time, is reduced to the geo- 
metric problem, of drawing a line through the fo- 
cus of an ellipsis, so as to cut off a sector between 
it and the transverse axis, having a given ratio to 
^e whole elliptic area. 

' If AGPH (fig. 13.) be the orbit of the sun ; F tbe fo- 
cus in which the earth is placed ; and G the place of 
the sun at a given time ; then the time of the suo''s 
describing the arch P6, or of the radius vector de- 
scribing the sector PFG, is given ; and the time of 
an entire revolution, or of the radius vector de- 
scribing the whole elliptic area, being also given, 
the ratio of the sector PFG, to the whole dlipsis 
AGPH, is given. If, from this, the position of 
the straight line FG can be determined, it is evi- 
dent, that the angle PFG, and the position of G, 
are found. 

This is known hy the name of Kepler's Problem i it 
can only be resolved by approximation. 

a. The angle FFG, which measures the angular dis- 
tance of the sun from the Perigee, or lower apsis 
b called the true anomalif. 

I. If a circle be described from the centre F, with a 
radius ;^Y a(a' — 'P t its radius will be equal Jo 
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that of the dUptis ; mad if a sector a FG' be taken 
in die cirde, equal to AFG in the ellipsis, the 
angle AFG' is called the mean anomaly. 

Thia angle is proportioiial to the time, and in- 
9 at tbe rate of &Sf 8".3 daily. 



G. The angle GFG', or the difference between tbe 
mean and the true anomaly, is called the Equation 
of the Sun"! Centre;. 

i. If the triie stln G, ahd the tmftginat'y suii G', set 
out together from A and a, the sectors AFG and 
a FG', [ncrgading at th<i sahie rate, tbe angles 
AFG, and a FG'^ must increase unequally, and the 
point G' must get before G, or the mean anomaly 
must exceed the true. But when FG becomes less 
thaii FG', the angle AFG will come to increase 
faster than aFG'. At the Perigee they will 
«]incide ; and at a certain point, between A and P, 
Iheir diiTerence, or the equation of the centre, will 
be the greatest possible. This will happen, when 
the increments of the true and of the mean anoma. 
ly are equal to one another, or when the sun^s real 
angular velocity is equal to his mean, or to 59' 
r.3. • 

Among the great number of solutions which have 
been given of this celebrated problem, one dis- 
tinguished for tlie simplicity of the result, pro- 
ceeds on the supposition, that the angles at 
the superior focus are proportional to the time, 
or are the same with the mean anomaly ; which is 

Vol. II. G not 
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not fsr from the trutbi ip eU^ttictl orbiU- of small 
eccentricitjr. This solution was first proposed hy 
BuLi-tALDua, a French astronomer, and was after- 
wards adopted and improved by Dr Setu Ward, 
and is known in this cpuntrjr by the name of 
'Ward's Hypothe»i». Another solntion is distinguish- 
ed, for the simplicity of the principles, and the ele- 
mentary nature of the reasoning employed, viz. that 
given by the late Dr Mathew Stewart, in the £dt7t- 
burgh Physical and Literary Eaays, vol, ii, (1755) 
p. 105.; and again republished in bis Pkyncaland 
Mathematicat Tracts, p. 404<. Among the other so- 
lutions, those of Newton, Prin. Maih. lib. i. 
prop. 30. Schol. ; of Simpson, Enayi, 4to, (1740) 
p. 47.; oi'E.vi.iK, Comment. PetTop. torn, ni. ; and of 
IvoRi, Edinburgh Trantacttona, vol. v., (the latter 
extending to the most difficult case of the pro- 
blem, when the eccentricity u great), ore particu- 
larly commendable. 

Of all these, however, it may be said, that though 
excellent when a numerical calculation only is ire- 
quired, yet when the solution is to be a step in the 
investigation of other properties of the elliptic mo- 
tion, they cease to be of use, so that recourse must 
be had to such general theorems, as express the 
true anomaly in terms o£ the eccentricity, and of 
the mean anomaly. The first solution of this kind 
was given by Clairault, Theorie de la Lwtu, 
{ 31. lemma 3d, &c. It was afterwards improved 
and extended by other mathematicians, particular- 
"7 
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ly BoiisvT M>d JkahHat-' 8w iUbo La Lahdz, 
JstroRoniie, torn. .iir.'^.34Sl.i iutd CAOKObi, T'n- 
gotumelrie, § 1488. The series was continued hy 
JeauraTj as faras the 9tn pofrer of ^he eccentri- 
city. 

lOO. It is proved in that solution of Kepler*8 
Problem, that if ] be the semitracsTerse, and e 
the e(;ceDtTicity of an elliptic orbit, x the mean 
anomaly, reckoned from the Perigee, and if the 
equation of the centre ;. 

1 5 

y = +(2e— je> +gge')sin«. 

^(-95' "480' 
- ^097, , -. ^ 1233 .. . 

This Value oty, ^^Iie3 to the mean anomaly accord- 
ing to its sign, will give the true anomaly. 

,«. When the etjaation of the centre is found from this 

formula, the constant coefficients must be reduced 

. bto degrees and minutes, by multiplying each of 

G 2 them 
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diem hj 57° .89679, 8tc. the aumljer of degrees id 
an arch equsl to the ndina. 

i. Because, in the cftse of the sun, e is small, (viz. 
= ^16814), its powers above the third ma}r be re- 
jected ; end so the equation reduced is, 

^ = (1<» 65' 26*36) on « + (1' 12 '.68) sin 2 x . 

+ (l".06)8in3x. 



101. The Radais Vector r, or the line drawn 
from the sun to the earth, may also be expressed 
in terms of the mean anomaly, supposing the mean 
distance = 1. 

r=il + |««-(«-|«'+^e')«»* 



+ ( — ge*+ge* — jg«*)cos2rf 



+ (— s«* +t<')cob4» 



/126 ,, . 



+ {-ge«)cos6«. 



Tb^ 
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Tie series is here, and in tbe preceding case, adapted 
to the computation of « from the perigee. 
When X is computed from the apogee, thie signs 
of the terms involviag the o^ muUiples of x, must 
be changed. A small part of this series viW give 
the radius vector in the case of the sun, with si}ffi- 
joent accuracy ; we may suppose 

r = 1 + 5 e* — e cos « — 5 e' cos 2 a; . 



102. Though the eccentricity is suppposed to 
be found, from § "97., it must be corrected by 
means of the greatest equation of the centre, 
determined by observation ; this equation being 
palled g, if 

g^J^g = A; then c=^A-^^ A. -ggg^A> _&c, 

As A is very small in the sun's orbit, being = ,033629, 

e = |Anear1y; that is, i; = .0]6S14, 

Syst. du Monde, p. 116.; BiOt, A»trm- Phjft. 
torn. II. p. ^. 2de edit. 

fi. The greatest equation i^elf is found by observing 
the sun's place in the ecliptic, day sfter day, and 
comparing it with his mepo place, calculated as 
in § 99. 6. 
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, lOVAstronoftiicaL tables, constrbcted from the 
data, and on the priDciples now explained, 6erve 
to determine the sun's place in the ecliptic, for 
any instant of time, either past or future. 

fi. From the time of the sun's passing through the pe- 
rigee, when his true and mean place cohjcide, his 
mean place for any other lime ma)^ be computed, 
by allowing for the interval an increase of longi- 
tude, at the rate of 59* S^'.S per diem, and thus the 
mean anomalj is computed. From the mean ano- 
maly, is found the equation of the centre, con- 
tained in a table, which gives the quantity of that 
equation for erery degree of mean anomaly ; thenee 
is given the true anomaly, and of course the true 
longitude. The tables are so constructed, as to give 
the mean place of fhe sun for the beginning of every 
year; hence the mean plSce for any time of any year 
is easily found. When eqnattona are thus ranged in 
tables, the quantity by which they are found out 
in the table, and on which their magnitude depends, 
are called the Arguments of the Equationa. 

The tables of the sun's motion, are in reality nothing 
else than the expansion of the general formula 
contained in § 100. 

b. Thus, from the fact of the variation of the sun'a ap- 
parent diameter, compared with the variation of 
his angular velocity^ we have demonstrated, that, 
whether 
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whether it is (be earth or the sun which really - 
morcs^ the One. describes an ellipsis round the 
nthn-^ plai%d in the fwiu ; and that the line drawn 
from the moveable to the immoveable body, (the 
radius vector), describes circles round the latter 
proportional to the time. From these two general 
laws, we have been able to determine the propor- 
tional distances of the sun and earth, and their re- 
lative positions, at all seasons of .the year. 

c. The use of facts, in scientific investigation, could not 
be better Illustrated than by this example. The 
simple fact, that the sun on a particular day had a 
certain apparent diameterj and a certain rate of 
angular motion, is nothing in itself, and cannot, ta- 
ken alone, leajl to, any conclusion : But a multitude 
of such &ct5,i cai^pared together, by the assistance 
of geometry, leads to the knowledge of the general 
li^wto which they are all subject ; tliis law leads, 
conyerselyj to a more precise and comprehensive 
knowledge of facts, embracing at once the past, 
the present and the future, and reducing them all 
into qne tlisorera. 

We are left, however, in the dark as to one question, 
whether it is the sun or the earth which describes 
the elliptic orbit. The appearance of rest in the 
earth,, and pf motioi) In the sun, Is no argument 
against tlie fact being entirely the reverse, as has 
already been made evident in the case of the earth's 
G 4> rotation, 
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rotation. The decisive facts have not yet occur* 
red, which are to determine, whether a'motioD of 
translation does not sko belong to the earth. 

In order that the theory of the elliptical motioi; may 
have its conclusions extended either to the future or 
the post) a very accurate measure and reckoning of 
time are necessary, and we are now in posBession 
of the data by ^hich these may with certainty be 
determined. 



Of the Equation of' lime, and of the Kalendar. 



The arrival of the Sun ia the ueridian, being a more^ 
conspicuous phenomenon than that of a Star, has 
lieen taken to mark the beginning and end of the 
clay, used for the purposes of civil life. Solar time, 
constats of days measured In this manner, and is 
used by astronomers, as well as by the people at 
large. Astronomers begin the day at noon, and 
reckon 34 hours round to noon again : in the com- 
mon reckoning, the day begins at midnight, and is 
ilivided into 24 hours, which are counted by 19 and 
12. La pLicE has proposed, that in this the astro- 
nomers should follow the people, as, by be|pniUBg 
tte day at midnight, the whole of the sun's stay 
above the horizon falls in the same day. 

104. The 
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lOl. Tiie difiecence between the solar and side- 
rial day, has already been shewn to consist of S^ 
56* 33' of siderial, or 3" 55* 49' of solar time ; but 
the solar day thus defined, is only the average, 
or the mean j for, the time actually employed 
by the sun. to return from the meridian to the 
meridian again, is diiferent at different seasons of 
the year, § 92. 

105. If the sun moved regularly forward in the 
equator, at the rate of 59' 8^.3, every day, the so- 
lar days would be all equal, and their lengths as 
above determined ;. but as the sun neither moves 
in the equator, nor moves in the ecliptic, at a 
uniform rate, there are two causes that affect the 
length of the sol^t day, 

Xhe time, therefore, wfaich is reckoned by the arrival 
at the meridian of an imaginary sun, or one which 
it supposed to move in tbe equator, i; called mean 
tdar time. When it is reckoned by the arrival of 
tbe real sun on the tneridian, it is called apparent 
time. 



106. The difference between (he right ascension 

of the sun, and his mean longitude, converted 

into mean solar time, is the difference between the 

mean' 
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mean. and the apparent time, and is called the 
Equation of Time, 

a. The conversion of degrees and minutes, into 
mean solar time, is performed \sy a d liferent 
rule from tlieir conversion into siderial time. For 
an hour of mean solar time, there must be redcDn- 
cd 15° 2* 87'.847 of the equator ; and so on, in the 
same proportion. 

h. There are four times in the year, when the mean lon- 
gitude of the sun, and his true right ascension, are 
equal to one anotlier ; and, at these times, tlie ap- 
parent and the mean time coincide. These times 
happen, at present, about the ISth of April, the 
15th of June, the 1st of Septemtter, and the 34th 
of December. From the first of the above periods 
to the second, the apparent time is before the 
mean, and the equation of time is subtractire, or 
must be taken from the iqjparent time, to give the 
mean. It is greatest at the 15th of May, when it 
amounts to 3* 58" to be subtracted. From the se- 
cond to the third interval, the equation v additive, 
the mean time bdng bef<»« the apparent ; and it be- 
comes a'manimum about the S5tb of July, when it 
amounts to 6' 6". It becomes negative between 
the third and fourth interval, and reaches its ma- 
ximum on the Sd or 3d of November, when it 
amounts to 16' 15" subtractive. Dr Halley has 
given a geometrical construction, for determining 
the time when the apparent days are longest or 
shortest, and also when they are equal to the 
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meoD. See Keu.''s Mtr<inmig/,-Sect. 2&. p. 



c. When the equation of time is a maximum, the length 
of the mean and apparent day iji the same. When 
the equation of time is nothing, the lengths of the 
apparent and the mean Aaj differ most from one 
another. On the 16lh of June, for example, when 
the equation of time vanishes, the day is 13".5 
shorter than the mean solar day. The difference 
hecomes less and less tUl the 26th or 37th of July, 
when the equation of time is itationary or a maxi- 
mum," being thin 6«5« nearly; and the apparent 
day is then in length equal to the mean. The dif- 
'ference of the- days increases from thence ; &nd ot) 
the beginning of September, the apparent day ia 
IS* longer than'the mean, &c. 

d. Clocks ought to be regulated by the mean solar time; 

and when they are adjusted by the sun''s passing 
the meridian, the equation of time must be ap- 
plied- 

e. Themeanlengthof the day is thus accurately determU 

□ed. But in the reckoning of time for the purposes 
' of astronomy, and of civil life, we must not count 
by days only, but by that assemblage of days which 
Gonst)tute& a year,- and which is naturally pointed 
out as a divinon of time by the return of the seasons. 
The sort of incommensurability that exists between 
the lengths of the day and of the sun's revolution, 
renders it somewhat difficult to adjust the reckon- 
ing 
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ing of both, wheo it u to be done in whole Bum- 
hets. 



■ 107. If the TcTolution of the sun consisted of 
an entire number of days, foe instance 365, the 
year would naturally be made to do the same, and 
there would be no difficulty in the formation of 
the Kalmdar, or in adjusting the reckoning in 
years and in days to one another. 

All tbe yean would then be precisely of the same 
number of daya, and would all begin and end with 
the suD in the same point of the ecliptic. If th^ 
time of the sun's revolutipD includes a traction of a 
day, tbe case is different ; a year, and a rerolutioq 
of the Bun, cannot then be predseiy of the same 
juration. 



108. As it would be inconvenient to begin tbq 
year at any point of time, but the beginning of a 
day, a year must consist of an entire number of 
days. If, ^erefore, the revolution of the sun in- 
elude a fraction of a day, for example one-fourth, 
then one year cannot be made equal to one revolu- 
tion of the sun ; but four years may be made equal 
to four revolutions of the sun. 

Sni^NMe 
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Suppose, for example, that 365^ + 7 ^ B, a r^< 

vclutioD of the sun ; then 

*x365 + l=4R = 3x365+366; so tWifwe 
count three years, each of 365 days, and a fourth 
of 366, we shall have exactly four revolutions of 
the sun ( and at the beginning of the fifth year, Mie 
sua will be in the same point of the ecliptic which 
hi was in at the beginning of the first. This is the 
arrangement of what is called the Julian Kalendar ; 
and if the revolution of the siin were exactly 365^ 
6^, it would be altogether perfect. It is called the 
Julian Ealendar, and the Year thus computed, the 
Julian Year, from Jolios CxsARi by whom, with 
the advice of the astrondmer SosiaEVEs, it was in- 
troduced at Rome. 

'l^he addition of a day, or a number of days, to any 
fixed period, at stated intervals, is called Intercala- 
tion, The year on which the intercalation fell was 
called £issexttlis, because the 6th of the Kalends of 
March was twice counted. With us, it is called 
Leap year. 

, I09. As the true length of the sun's revolution 
is not what has now been supposed, but instead of 
365'*.25, is only 365^.242264, the Julian year is 
longer than the revolution of the sun by 
04.007786, (nearly ll"); and, therefore, before a 
new year begins, the sun has passed the point in 

the 
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the ecliptic where the last year began, by a. small 
fraction, vii. .00773S X 59' 8'. 

The Julian reckoning, therefore, ialls continually 
behind the sun, and the course of the seasons, 
by a quantity which, however, is so small, that it 
was long before it was observed: 

4. At the time oC the. Cmmeit «/ Nicti in theyear326 of 
tlie Christian dra, the Julian kalendar was intro- 
^ced into th« Chnrch ; and at that time the vernal 
equinox fell od' the Slst of M^rch. On accouat of 
tiie-imperfectioo in the mode of reckoning jvat no* 
tieed^ ^e ittdoning felt ctmstuitly bbUnd the true 
time i so that in Ui» year ld6e> the Julian year 
had fallen nearly 10 days, (9.^415) behind the 
sun^ and the equinox, instead' df-f^ing on the 
^Ist, fell on the 11th of Martih; w Owt'tiK difTer- 
ence was nearly a day in 13? years. Xhe conti- 
nuance of this erroneous reckoning, would have 
jtiade the seasons change their places altogether ; 
andit was therefore resolved to reform the kalen> 
dar, which was done by Pope Greoohi XIII., and 
the first step was to correct the loss of the ten 
days, by counting the day after the 4th of October, 
1583, not the 6th, but the ISth of the month. 



1 10. As the loss in the Julian kalendar amount- 
td to one day in 1 32 years, it would amount to 
three in 396 years, or in the space nearly of four 
centuries. It would be necessary, therefore, sup- 
posing 
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poang tke Julian intercalation to continue, to 
suppress three intercalary days in the course of 
four centuries ; and it was agreed, that this should 
be done on the three successive secular years, re- 
taining the intercalary day on the fourth, by 
which means the sun, at the beginning of the fifth 
century, would occupy the same point in the eclip- 
tic, within a few minutes, that he did at the be- 
ginning of the first. 

a. The amount of fbe accuracy tbns attained may be 

more exactly estitnaled. The annud error amounti 
to .007736, which, in one century, is .7736 of a 
day, and in four centuries, 3<'.0944'. OT this er- 
ror, the fractional part Od.0944, or nearly 2^15ia, 
isaH that renifiha uncorrected by the Gredorum 
reformation, and' in this time the sun describes an 
arch of 6'.^ in the ecliptic. The sun, at the begin, 
ning of the fifth century, will therefore be only S'.S 
advanced'beyond the point he was in at the begin- 
ning of the first. 

b. The reformation of tbe Xalendai> did not take place 

in England till the yeat 1753. The secular years on 
which the intercalary days are omittted, are 1700^ 
1800, and 1900. 

c Though this d^ree of accuracy is aofficient for Uie 
purposes of history, and even of astronomy, and 
may easily be carried farther, by similar means 
adopted in future ages, yet the problem of interca- 
lating, so that the difference between the computa- 
tions 
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f ions in the kalendar, and the real motions of the 
Bun, should always be the least possible, is not 
thereby completely resolved. The modes of inter- 
calation best suited to that object, require all the 
integer numbers to be found which most nearly ex- 
press the ratio of the fraction .243S64to 1. See 
EvhKR, Elemeju iTJlgebrey torn, n,; Additions by 
La Gramgk, § 20. 



Secular Variathtu iii the apparent Motion of the 
Sun. - 



The variations in the auD''a motion wbich fairve lioir 
been described, are confined within short periods, 
during which they alternately increase and dimi- 
nish. There are others, which go on from one age' 
to another, and ore either continually progressive,' 
or circumscnbed by periods of very long duration. 
These are so slow, that they are only perceived by 
comparing together observations made at a great 
distance of time. They are called Secular intqua- 
Ktiea, 



HI. By comparing very distant observations, it 
rs' found that the line Of the apsides, or the longer 
axis of the sun's orbit, has a progressive motion, 
OT a motion eastward^ so that the apsis recedes 

from 



DiailizodbvGoOglc 



ASTR.OMOM?. 113 

From the vernal equinox 62", or by I)e Lambre's 
Tables 6r.9 annually. 

». This motion includes the pr^ession of the equi- 
noctial pbints, which is in the opposite direction, 
and amounts to S(y'.2S ; so that the real motion of 
the apsides eastward, in respect of the fixed stars, 
is H'',66 8-year, or 19'4".J in a century. 

b. Hence tliere is a difference between the Tropical 
Year, or the time of the suu's revolution from equi< 
nox to equinox, and what is called the Anomalis- 
tic Year, or the lime of the sun^s revolution from 
either apsia to the same apsis again. As the apsia 
has gone in the same direction with the sun over 
fiS^ in a year, the sun must come to the place 
where the apsis was at the beginning of the year, 
and must move gvar 62" more before the Anoma- 
listic year is completed. The time required to this 
is .01748 of a day, which, added to the tropical 
year, gives 365'' .259744, or 365'' &> 14"" 2» for the: 
anomalistic. Bior. AatroH. torn. ii. § 91. 

t. The libe of the apsides thiis continually moving 
rounds must at one period have coincided with the 
line i^the equinoxes. The lower apsis or perigee 
in 1750, was 378<^ .6311 from the vernal equinox, 
according to La Caille ; and the higher apsis waa 
therefore at the distance of 9S°.6S1 1. The time re- 
quired to move over this arch, at the rate of 62" 
annually, is about 5738 years, which goes back 
nearly 4000 before our era, — a period remarkable 

Vov. II. H for 
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for being that to which cbronobgistB refer tite 
oration of the world. At that period, the length 
of time during which the sun was in the northern 
signs, that is, on the' north. s«te of the equa- 
tor, waa precisely the same with that on which 
he was on the south, esdi being; exactly half a 
year. At prbsent, the apogee, where th<: sun's mo- 
tion is slowest, bang m the ninth degree of Can- 
cer, more time by 7*^ I6ii30ni 8* is consumed in 
the northern than- the southern signs; so great is 
the change which the motion of the apsides has 
produced. About 464 years ago, thb apogee was 
in the beginning of Cancer. 

d. When we would calculate the place of the sun for 
any time, (especiaUy if very distant), -we must 
be^n with determining the position of the line of 
the apsides ; as it is from the lower apsis that the 
mean and true anomaly are both computed. 

t. Tbe motion of the sun's apsides being 19' 4* in a 
century, with respect to the fixed stars, it requires 
a period of more than 108000 years to complete 
their siderial revolution. Th«r tropical rerolu* 
tion is 30903 yean. 

112. By a comparison of distant observations, 
the equation of the centre, and of consequence the 
£ccentricity of the sun's orbit, are disc^oveied to be 
continually diminishing. 

The 
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"^be taite of dlmiBtitioii in tlve « 

tjoti; iB«lM)util8"-'r9ui»c«jiljipy. ■■ - - 

If the rate of th|^d)ifii)utiipo n;er;e to .pfiqUpue uni- 
form, (which, however, we have not a right to sup- 
pose), the earth's orbit would become a circle in 
about 3ij300 years. 

113. From the changes in the place of the ap- 
sides, in the equation of the centre of the sun's 
otbiti and in the obliquity of the ecliptic, the 
equation of tinje undergoes a change from one age 
to another; 

a: The equation of time is equal to ihe niean longi- 
tude, minup the tme right ascension of the sitn. The 
former of these is not atfected by the place of the 
apogee or perigee, and depends only on the dis- 
tance of time from the equinox. Tlie lattef^ the 
tnie right ascension, is de'pendent on' all (he three 
eleraents'just' mentioned. The true longitude of 
the sun, frodi which the right ascension is deduced^ 
depends on'the place of the perigee, and on the 
equation to (he centre,' both of which vary ; and it 
iovolres also the reduction 'from the ectiptic to the 
equator, which depends oh the 'angle these ciiclea 
make with one another. The equation of time, 
therefore, a'hsw^rihg to the same day ot the year. 
Varies in different ages; but for any age, past or 
future, may be computed on the principles already 
explained. ■ ' 

H S i. The 
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b. The secalAr variattoii of the equation of time, it 
different for evtty difTerent state of that equation i 
it is greatest about the time when the aun is ia the* 
perigee ; and it ia then 15".6i 



7%e Sun*s itotation on hit Axis. 

114. The face of the sun, when vtewed with A 
telescope, though of a bright and intense light, 
far above that of any other object, is ofteil 
marked with dark Spots, which, when examined 
from day to day, are found to traverse the whole 
Eurtace from east to west, in the space nearly of 
fourteen days^ 

a. These spots, though only visible with the telescope^ 
are sometimes so large, as to subtend an angle 
nearly of one minute. Their number, position, 
and magnitude, are extremely variable. Each of 
tlwm is usually surrounded with a Penumbra, be- 
yond which is a border of light, more brilliant than 
the rest of the Bun''s disk. When a spot is first dls. 
covered on the eastern limb, it appears lite a fine 
line ; its breadth' augments, as it approaches the 
middle of the disk, from which it diminishes as it 
goes over to the western limb, where, at last, it en- 
tirely disiqjpears. TheaameBpot,alterfoHrteendays, 
is aemetimes discovered again on the east side.r It 
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is not often, howerer, that tlita happens, as Uie 
spots dissolve and perish, ftom causes that are to ns 

^nite unknown. 

b. The spots of the sun were first discorered by Ga- 
lileo at Florence in 1611. Istorta « Dtmonttra- 
ziime intomo alU Macehie Solari, Opere X Gali- 
leo, torn. II. p. 65., Stc. Ei^. diPadoM, 1744. 



115. The position of a spot, relatively to the 
siia's centre, may be determined by observing the 
difference between the time when the centre of 
tile sun passes the vertical wire of a transit tele- 
scope, and whep the spot does the 'tame. This 
gives the diiference in right ascension ; and the 
difference in declination may be determined at the 
same time, by means of the moveable wire in the 
telescope. In this way, by observations made day 
after day, the path of the spot on the sun's disk 
may be traced with great exactness. 

a. When the spots are followed in this way, many of 
them are found to change, and to disappear altoge- 
ther in the course of a &w days. Sometimes a 
qumber of small spots unite into one large spqt ; at 
other times, a large spot separates in a number 
pf stnall ones, which soon disappear entirely. A 
fenr of them, more permanent than the rest, may 
, . "be followed by the observation here described, as 
. |9Dg |ks two or three revolutions. 

H 3 lie. The 
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116. , The.'PaibsiQg the ^pots ihus traced, are 
ebsCniect to be rectilineal at ^wa. dpposite seasons 
of the year, the beginning of Jane and the begin- 
ning, of December, and to cut the ecliptic nearly 
jBt an angle of 7"- 20'. Between the first and the 
.^econd of these reasons, the paths of the spots are 
ponvex upward^ or to the north, and acquire their 
greatest curvature about the middle of that period. 
In the following six months, the paths of the spots 
are convex toward the south, and go through the 
same series of changes. They appear to be ellip- 
fic arches. 

In the b^oning of Match and September, when tiie 
opening of the elliptic paths is at its maxtmutn, the 
smaller axis is to the greater as 13 to 100. L^ 
Lanoe, Aatrotwmie, 3S33. 



117. The preceding appearances may be ex- 
plained, by supposing the spots to be opaque bo- 
dies, attached to the luminous surface of the sud ; 
the.>!}Un having a revolution on an axis inclined at 
on angle ot 7? SO' to the axis of the ecliptig. 

The apparent revolution of a spot is performed in 27 
days ; but in this time the spot has done mare than 
complete an entire revolution, having. In addition 
to it, gone over an arch equal to that which the sun 
has described in the same time in his orbit- , Thif 
reduceq 
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' TcduecitthA t^e of the sun^a rotation ob his axis to 
SSd^gh^Sfim. Ail the observadont do vt>t agree ex. 
actly in bringing out this oonclusioil. La Lande, 
§ 3276., &c. 

The problem. From three positions of a spot on the 
sari's ^k, ID respect of the ecliptic, to find the po- 
sition of bis e<]nator, and of his axis of rotation, 13 
of considerable difficulty. It was first directly re- 
solved by BoscovicH in 1737. See La Lanue, 
§ 3257, who has alsp given a solution. Dr Her- 
scKEL has made many important observations on 
the solar spots. Phil. Trana. 1794. 1801. 



.118< A phenomenon, from which no jiiforma- 
tioo copceming the motion of f he sun has yet been 
obta)n«4«' though,, from some circumstances, it ap. 
pears to be connected. with his rotation, isthe Zo- 
diacal Light ; a luminous appearance, seen after 
sun-set, or before sun-iise, somewhat similar to the 
milky way, but of a fainter light, in the figure of 
an inverted cone or pyramid, with its base toward 
the sun ; having its axis inclined to the horizon, 
and neaily. in the pl^nc of the ecliptic. 

, Tb? Zodiacal Light, was discovered by CASsiirt in 
1693 ; but there is reason to think, that it had 
been remarked before that period. 

H 4 The 
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The length of th« Zodinca} light, taken' tcom the 
sun upward) to its rertex, u varlom, frain 45° to 
10Q% and ereo ISO". 

Tihe season most favourable for obserriog this phe- 
oomenon, is about the beginning of March, after 
sun*et: the axis extends toward Aidcharan, and 
makes, with .the hoiizon, an angle nearly of 04 
degrees. 

The aspect pf the Zodiacal light is bj nq means 
uniforni ; it is much brighter in some years than 
others. A remarkably brilliant appearance of it 
was observed at Paris, \6th February 1769. 

The Zodiacal Light appears to be indiped to the 
ecliptic at an angle of 7°, and to cut it in the 18th 
of Gemini ; so that it is in the plane of the sun^s 
equator, or perpendicular to bis axis of rotation. 
X.A LakdK, JHroK. § 847. 



As we do not think that the decisive facts hftTc 
yet occurred, which are to determine whether the ap- 
parent motion of the sun is not to be explained by the 
teal motion of the eartb, we have employed entirely the 
language that is suggested by the appearances. The 
loirer apsis of the elliptic orbit, or that nearest to the 
focus in which either the sun or the earth is placed, has 

been 
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bH^ cadled tfie JPirigm; nfiponaf Untf it fa.tbe point 
.i^ne the inn in raotifln t^pproadies nearest to the 
leartb at rest. On the cootraiy loi^MMitian, it would be 
called the PeriMdxtM. Tha lome oppUei to the teims 
Apogee snd Aphtlwh' 

With nuftdL to tl^e dirtsnce of the Siin and Efulh, it 
miut be ol^fred, that tiie dutaocea we haTf treat- 
ed of^ ate oi4y ikp rela^ve dptsoces, referred to ao 
imaginary st»idard, and not compared wi^h any 
known magnitude, such at the diameter of the 
earth. The observations on which auch a compar 
rison as this must be founded, and by which the 
iun^s parbllax is ascertained,, cannot be explained 
till the planetary system is unde^ntood. In the 
mean tim^ we may remark, that eren by help of 
the observations above described, it may be infer- 
red, that the sun''s paralla^f i; less than Ip\ 

From observations of the Bun*s solstitial altitudes, 
we saw, § 87., how the latitude may be deduced. 
In order to make the deduction with accuracy, the 
sun^ altitudes must be corrected for the parallax ; 
and ^t may be easUy shewn, that if the horizontal pa- 
rallax of the sun is so great as 10", thelat. of Green- 
wich, for example, determined without making 
the due allowance for it, would be erroneous, by 
7". The latitude determined by observations of 
the stars, is free- from this error, and therefore 
ought not to agree with the former by T. Now, 
the correction necessary to be made, in order that 
the determination deduced &om the altitude of Um 
■tin.' 
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'idib^ <a|;t«e with tipt bwaif^GtadosM the stars, 
u-.'ovt eosii^^fised wUkpetfeat [H^osion, but is oer- 
- ferinly -iKd; •0, great as 7".- The sun's iiorusoiital 
•' parallax is tfaercitarc Imb than. K/*. ' 

If the correction above mentioned could be found 
' trith perfect premion, ttds medtod of detenniDing 
tW'sun's'parsdlax, on account of Its simplicity, 
"Would be prefersble to ad others. ' Though it does 
not affbnl a precise measare, it assigns a limit that 
may "be tiSed till a more' exact result can be ob- 



'Tbe paraBax <tf tAe sun being- less than 10*, his dis- 
tance must exceed 20626 senidiameters of the 
earth i and his diameter mutt be to that of the 
' eartli in a greater ratio than that of 15.5 to 10°, 
orbfSSiol. §75. 



Sect. 
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MOTIOSf OF THE MOON. 



119. The Moon, next to the Sun, is the most re- 
markable of all the heavenly bodies, and is parti- 
cularly distinguished by the periodical changes to 
which- tt3 figure' ' and Ught -are subject. These 
cbaivges are calkd tbe Phages 6F the Moon. 

J^ot^^ fstityata. in t^iva^ nwld ■4^ pMwm dioua, 

■■ : :.f!<^<!Vt m*'*<i**i>''^^ pUnOf tt r^eali nuUa, tec 
, , , Pl|!(. Mut.J/ut..m>. lu cap. P: 

, ]2p.. At thp.^ine ^hjcn the moon is due south, 
aJiqi?t.Bji4jii4^,/ii?r.'4isk f^,a» entire circle, sub- 
tfiodisgifli) -angle ndt mucfaidifierent iroin half a 
de^^e.: ■ Oa'*thfe neitt'^ight,^ she comes later to 
then^dSiafi by ilibut' 48 minutes, and the west- 
ern '"■^>attdf her disk is no longer bounded by a 
circle, but by an elliptic line ; and this line, 
eT«ry.,s^bKqBcnt lugjht, is 'seien to encroach more 
oB.tfaeiuHii&dtifi part, tiU,iontte seventh night, it 
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is nearly a straight line, and the disk a semicircle. 
The diminution continues, the disk becoming 
more and more concave to the west, till, about the 
end of another seven days, it disappears altoge- 
ther. 

After a few daj-s, the moon again appears, like 
a fine crescent, to the eastward of the sun, with its 
concavity turned toward the east, and continues 
to increase on that side till it become entirely full- 
orbed, about 29 days from the time when it was 
last full. 

The line separating the light md the dark part of the 
moon is irregular aqd serrated, and its form w 
ries while one is looking at it through the teles- 
cope i the light, as it advances, touches some 
points, while they are yet at a distance from the 
illuminated snrfitce, . and while all round them is 
dark. The light im them spreads, till it be united 
to the rest. 

The Moon, when full, is opposite to the Sun : whof 
she disappears, or when it is New Moon, she is in 
coitjunction with the sun : these two aapecta of the 
- moon ar« called the Sytipet. At the time when 
the moon appears as a semicircle, she is 90^ distant 
from the sua on either side : she is then said to be 
in the quadratures. 

The moon, during all tiiese changes, advance! among 

the fisfc^ stars, at the rate of 13" W.^ at an ave- 

rije 
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h(ge in 24 lioarsi and coma later to tbe meridiaa 
bj about 4S nunutes every dsj. The motion of 
the moqn ii therefore in th« same directioo with 
that of the sun, or accordmg to the order of the 
signs. 

ISl. These Phases may aU be exf^ftined'on the 
supposition, that the moon is an opaque body, 
spherical, or nearly so, which moves in a circular 
orbit round the earth, while it receives its light 
from the sun. 

The opacity of the mooo is proved not only from her 
phases, but from the occultation of stars by the 
dark or invbible part of her orb. 

122. When the place of the moon is observed 
every night, it is found that her motion is in the 
plane of a great circle, inclined at an angle (sub- 
ject to a small variation) of nearly 5" 9' to the 
ecliptic. 

The line ia which the plane of the moon's orbit cuts 
the ecliptic, is called the Line of ike Nodes. 

The Jacending Node, is the point where the moon is 
in the ecliptic, aacending to the north : the Detcend- 
ing Node, is that where she ia is the ecliptic, de- 
tcendtMg to the south. 

12S. The 
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123. The positioa-of tho.iiodes>f^ fisnnd, by ob- 
lerviiig the Ibngitudi; of tfa^'niooi], tfhte 'fifie has 
DO latitude ^ and k appears, hj a comparison of 
such lobservatians. that the Unc of the nodes' is not 
fixed, but has a slow retrograde motion, at the 
rate of 3* 10'.64 in a day ; so as to complete a re- 
Tolotion relatively to the fixed stars in 6798.^12 
.days. 

BtoT. Jttrtm. Phf*. Tol. ii. p. 351. 3de edit 

As the moment of the moon being in the ediptic 
may not be actually obBerred, yet, from several 
ob§M^ations, takra before and after, the exact 
time, by the method of iDterpoIations, may be 
found. 



H4. By comparing places of the moon, obser- 
ved at very remote periods, it is found that the 
secular mean motion of the moon, relatively to 
the fixed stars, is 1336 circumferences plus 
306''.4876S, which gives for the time of a siderial 
,lfi¥Q}ution 3;<»,3^J661. 

In the same way, the tropical revolution, (taking in 
tti«. pi«F«s«(m. ot^ tb« eqwBogtea), u fc^qd. to be 
, ^^Mm%\' Md .tb^ diwiwJ inoCioB nAitjyely to 
thft tr.(pipsjr.J.»e3fi. ■ : ■ , 

It also has been found, on making these comparisons 

for very remote ages, that the secular mean motion 

was 
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waa lets formerly than it is at prearat. This in- 
crease of the mean moti(m is called the Mooilt 
Acceleration. It amounts to 9* in tbe present age ; 
aad'theeSeAttf k'Oolhemooft's fdaee iacreaiea as 
ihe squares of tJie time. 

1 35. The period of th6 phases, or the time from 
faUiwaBp m.foili Daooa, is greater tbao the tiopt- 
cai- remhitioiv' ^ being thetiOEO-rogDired ts de- 
scribe S60', with an angular velocity that is equal 
to the diiftrence between the angulM Telocity of 
the moon, and the angular Telocity of the sun : 
this gives the period of the phases, or what is call- 
ed the Lunar Month, equal to 

29d.530598=29d J2t 44"" 2«.8. 

SeeBbT, tonh tr. p.358. Also WooOhoom, p. SOS. 
The abtre Is'La 'Piack's ^etertninatipn. 



126. It may be found, from observations of the 

Moon's apparent diameter, as was done in the case 

of the Sun, that the orbit in which she moves i« 

nearly an ellipsis^ having the earth in its focus, 

abotit 
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tibout which the radius Vector drawn to the moori 
describes areas proportional to the time, 

a. Th« lame ma^ be abo proved, frOm Aluefvations 
of the Moon's parallax; the Moon being near 
enough to the earth to admit of her parallax being 
accurately determined. 

b. The Moon's parallax, when least, is 59 £0".99, 
and when greatest, 1<> li S2'.99. H«oce the Moon's 
greatest distance is 63.8419 semidiameters of the 
earth, and her least 55.9164. The mean distance 
of the moon from the earth is therefore 59.8701, 
which is alio the semitraosrerse axis of her or- 
bit. 

c. A more accurate determination of these elements, 
has fixed the mean equatorial parallax at 57' 1 1'.4; 
the greatest distance i>f the moon at 1.0fi518> the 
least at .94482, the mean distance being 1 . . 

Hence the eccentricity is .05518. 

In round numbers, the moon's mean distance is 60 
semidiameters of the earth ; and her diameter is 
to the diameter of the earth as 15' to 57' 1 !".♦, 
or as 3 to II nearly. Vinck, Attrm. vol. i. 
§171. 

127- From the eccentricity of the moon's orbif, 
the equation of the centre is found. 
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S(6» lft'l7".3)sin* + (12'49*'.7)sm8« + (42".3)8mS», 
!• being put for the mean anomaly, reckoned from 
the perigee. 

Thii is the eqtiation of the centiVj e* deduced from 
De Lahbrk's Tahlea, published iii Vihce's Aitnm, 
vol. Ill, see p. 133., &c 

*The maximum of the equation b &° 17' SS*, add 
takes place when the mean aaomalf =: 86° 5' (T. 

1S8. The axis of the lunar orbit is not at rest* 
but has a progresuve motion, like that of the sun's 
orbit. This moticm is 0" 6' 41" in a day, or 40° 
4l'83^ in a jear ; so that it makes an entire revo- 
lution, relatively to the fixed stars, in 3332^.j807> 
or in a little more than nine years. 

The Tropical revolntioa of the perigee is shorter by 
1* .1066. 

The motions hitherto enumerated, are similar in the 
Moon and in the Sun. There are other inequali- 
ties peculiar to the moon. 

129. The moon's longitude, calculated accord- 
ing to the laws of the elliptic motion, does not 
agree exactly with her true place, but requires to 
he corrected by an arch proportional to the sine of 

VotJI. I ■ double 
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double the angular distance of the moon from t^ 
sun, niintts her mean anomaly. 

a. If d be the mean lon^tude of the moon, and q 
that of the san ; the mean anomaly of the moon 
being X, diis in^iitlity is 

(1»21"5'.5) X sin (2(1 —0)--*)). 

i. This inequslitj U called tfae Evtttwn : it w«9 dis- 
covered by Ftolbmv, and is, after the equation of 
the centre, the first of the lubar irregularities that 
irni observed. 

(*. The argument ofit, or (2 ( 1 — ©^ — x)), increases 
at the rate of 11= 18' Sfl", or ll^-Siee per day ;. 

360 

so tbat its period is TT-grggi <"" 31'^.9119; that is, 

in the space of 31 days 19 hours 38 minutes near- 
ly, the. erection runs tluvuch all its changes, and 
is beginning to renew them in the same order. 

<f. At the new and full moon, or at the Syzj/gtct, 
when <I — is either nothing or ISO", the ar- 
gument is —X, which gives the evection negative, 
if X is less than 180°, and positive, if it is greater, 
contrary to what haj^ens to the equation of the 
centre, which is therefore diminished ia both, cases. 
At the quadratures, the equation to the centre is 
increased by the eVection. Tfae ev^tion appears, 
tlierefore, as an inequality in the equation of the 
centre, arising from an increase of the eccentricity 
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ttt the qiudraturef, and * diminotioB of it at the 

ayzygiei. 

ISO. Another irregularity ih the ihoon*s motion, 
tohich Vanishes at the syiygies and the quadra- 
tures, and is greatest in the middle between them, 
or in the octants, is called the MoorCs Variation, 
It depends on the difference of longitude of the 
sun and tnooni or on their angular distance, and 
may be represented by the Formula 
(35' 42") sin 2 («—©). 

The Tariatioii was discovered by Tycho Brahb'. Its 
period is 14d.7t)d3, of half a lunar month. 

l31. Thti abgiilar rnotioh of the mix>h is also 
subject to a third irregularity, by which it is di- 
minished when the sun approaches the perigee, 
and increased when he approaches the apogee. 
This is called the Amtuai Equation .' it depends 
entirely on the time of the year, or mean anoma- 
ly of the sun, and is equal to 

. — (ll'll".9) sihftteatiAnom. ©. 

Tycho Brahs' was acquainted with this inequality, 
and made aa aUowancA for it to the equation of 
time. These are the only irregularities in the 
moon's motion, that ware known previously to the 
theory of Gravitation. That theory not only ex- 
I S plains 
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pUins tbem, but has led us to distingtiiali taanf 
more, of which the accumulated eSect waa peftxi- 
ved, by the disagreement of the calculated with the 
obseired places of the moon, though tfadr laws 
were unknown. These will be considered vuder 
the head of Physical Astronomy. 



Of the Maoris Revolution oh her Axis. 



1 32. The moon, . as she revolves in her oibit 
about the earth, preserves always, at least nearly, 
the same face turned toward the earth, and there- 
fore must revolve on her axis, iii the same direc- 
tion, and in the same time, that she revolves in her 
orbit. 

a. The moon's surface, when viewed with a telesccfiet 

presents an object so strongly characterised, as to 
leave no doubt df its being always the same. 

The accurate examination of the spots, which the 
tracing of the progress of the illaminetion has na- 
turally induced, has discovered some apparent ine- 
qualities in the moon^ revolution on her axis, to 
which the name of LAntkn has been jtfiveB. They 
are ^ttical appearances, and argue no real laequali- 
ty io the moon's notation. 

133. If 
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133. If the angular velocity vith which the 
moon revolves on her axis is uniform, that with 
which she revolves in her orbit, being, as we have 
seen, alternatelT' accelerated and retarded, smalt 
segments on the east and west sides ought alter- 
nately to come in sjgh't and to disappear. This is 
conformable to observation. 

Thus there is produce^ in the oi1> of the moon, an 
apparent libratlon backwaFd and fbnrard, called 
her LibrtUioH in Longitude. 

134- If the axis on which the moon turns, were 
perpendicular to the plane of her orbit, or if her 
equator coincided with that plane, we should per- 
ceive no other Ubratioil than that which has now 
been described. But in fact the spots on the 
north fcnd south of the plane of the moon's orbit, 
alternately advance tow^d the middle of the 
disk, and recede front it by a very small qoan- 
lity. 

This 1$ cftlled the Libratian in Luliiudx, uid shews 
that Ui^ mooa^s axis is not exactly, though nearly, 
perpendicular to the plane of her oihit. 

135. A third libration arises from this, that the 

point to which the moon presents always the same 

^ce, is the centre of the earth, round which the 

1 3 spectator 



=d by Google 



134 OUTLINES OP NATURAt PHILOSOPHT. 

Spectator describes a circle parallel to the equfitor, 
in the course of the diurnal revolution of the 
earth. 

Heoce, when the moon rises, a spectator sees some 
Bpots toward the upper limb of the mqon, which jie 
woultt not see at the centre. As the moon become* 
more elevated, these points approach more to the 
upper edge, while others, on the mftfiar limb, come 
in sight. This order is reveraed w the moon de- 
scends to the horizon. Thiq is oall^ the Diunu^ 
or Parallactic Libratit^, 



136. From an attentive observation of the lunar 
spots, it has been found, that the equator of .the 
moon is Inclined to the plane of the ecliptic, at«n 
angle of !*■ 30'; and that the line in which its 
plane cuts the platve of the ecliptic, is parallel to 
'the line of the nodes -or to that in vhich the 
moMi's orbit cuts the same plane. 

BtoT, torn. II. p. 411. § 72. 

a, Suppt^e three planes to pass through the c^tre of 
the moon, one representing the equator of the 
moon, another the plane of her orhitj and let the 
third be parallel to the ecliptic. This last will lie 
between the two others, and will intersect them in 
}hf ^"ine line in which' they intenect one another. 
With 
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Willi the first, it will make an ui^e of 1° 30' ; 
and with the second an an^ of 5° 9*. 

This curious fact was observed hy Cassini. La 

Grange has ei^lained it fron^ the theory of gra- 
vity. 



yCLIFSES OF THE EUN AND UOON. 



137* Xhe Snn and Moon are both subject to oc- 
casional obtcurations, most frequently partial, but 
sometimeB also total, which are called Ecl^ies, 

138. The Eclipses of either of these luminaries 
happen only when the moon is near her nodes j 
that is, either in the plane of the ecliptic or near 
it. Those of the sun happen only at new moon, or 
when the moon is in conjunction with the sun : 
the eclipses of the moon, again, happen at the full 
moon, or when the moon is in opposition to the 
suiv The three bodies, then, the Sun, the flarth and 
Moon, are always nearly in the same straight line 
when an eclipse happens ; and conversely, when 
tbete three bodies are in a straight line, or not dis- 
14 tant 
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tant from it by mofe tiian certain Umtte, an eclipse 
always takei place. 



139. Hence it is evident, that an eclipse hap- 
pens, in consequence of one of the tvfo opaque 
bodies, the Earth and the Moon, being so placed 
as to prevent the Sun's light from falling on the 
other. 

The interposition of the moon between the sua and 
tiie earth, produces an Eclipse of the Sun; and the 
inteiposition of the earth betwe«i the moon and 
the sun, so that its shadow falls on the moon, or 
on any part of the moon, produces an Eclipse of tha 
Mooo> Xhe^ wbde of the {dienomena of ec|jps£i 
admit of ezpUna(ioR, oq these piincifde*. 

140. As the return of eclipses must depend on 
the return of the Un§ of the syzygies to the line 
of the nodes ; and as (be mean angular motion of 
these lines is known, the penods at whifh eclipses 
would return, were there no irregularity in the 
motions of the earth and of the moon, may be easiT- 
ly calculated. 

a. The time of a lunation, or of one revolution of the 
line of the syzjgies, is 39^.530488, as abeody 
stated ; and a revolution of the line of the nodes, 
relativdy to the son, is 316<i.61963. If, by tha 
method of continued fractions, we seek for smaBer 
pumbers. 
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niunb^t, that my nwrij expreu this ratio, wc 

shall find 19 and 223 ; so that after 2^ lunatioot, 
the node has nearl}r performed 19 resolutions. In 
323 lunations, therefore, or 18 Julian years 10 days 
and 7 hours, the sun, the moon, and the node are 
nearly in the same position with ^e^>ect to one ano- 
ther ; and the series of eclipses returns nearly in 
tlie same order. 

This period ia thought to be the bakos of the CliaU 
dean astronomers j and their predictiona of eclipses 
were probably founded on it. It is particuWlj 
mentioned by Plimv. A period of 521 Julian 
years, la considerably more esact. La Lands, 
Alt. § 1503. 

b. The meui motions of the lines of the syzy^es, and 
oSths nodes, are alio used in another way in the cal- 
culation of eclipses. Though the mean places of 
those lines are different £rom the true, and tliough 
it be on the latter that the phenomena of eclipsei 
depend, it is useful to hare the mean places, in or- 
der to know whether the circumstances are such, 
that an eclipse can possibly happen nr not at a gi- 
Ten new or full moon. The mean motions in 
astronomical tables, afford the means of perform- 
ing this calcnloUon, which is also much abridged 
by a table of what are called the Epactt, that is, of 
the ages of ttie moon, (reckoning from the last 
mean conjunction, and supposing ha motion uni- 
form), at the beginning of every year. La Lavde, 
Att-nn- \ 173S.; FERaussow, ^((nm. 
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Ellipses of the Moon. 

141. The length of the earth's shadow varies, 
according to the distance of the sun and earth, be- 
tween the limits of 31S.896 and 2^.238 setni- 
diatneters of the earth; its mean length being 
5216.531. 

Half the .angle of the cone formed by the shadow of 
the earth, =8einid. O — parallax O ; and therefore 
if r be the radius of the earth, S being the ajipa- 
rent semidiameter, and p the horizontal parallax 
of the san, the length of the shadow reokoaed from 

the earth's centre =r -; — js .-. 

sin (S — p) 



. 142. Hence half the. angle subtended at the 
earth's centre, by the section of the shadow at the 
distance of the moon, is P — S+/?. 

P is the horizontal parallax of the moon, S and p as 
above. 

The appfu-ent semi^smeter of the shadow, may there- 
fore vary from 3T 43r to 4A'.&2. 

See WooDHOVBB, Jatron. p; 340. 
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As the diametar of tbe shadow may be greater than 
three times the diameter of the moon, the moon 
may be totally edipsed for as long a lime as she 
takes to describe twice her own diameter, that is, 
for about two bom^. 



143. The phenomena of a lunar eclipse may 
be uhderstood, by conceiving two circles of given 
magnitudes, the disk of the moon, and the section 
of the .earth's shadow, as movieg in the same 
plane with given velocities, and given directions ; 
the moments when Uiey touch, when they cease 
to touch, and when their centres axe nearest to one 
another, determine the beginning, the greatest 
obscuration, and the end of the eclipse. 

As tliese drdes move in the same plane, and are !■ 
contact with one another, the place of the spectator 
nakes no difference as to the preceding phenome- 
na, which must hiqipen at the sune instant of ab- 
sidute time to all observers, in whatever part of 
space they are situated. Hence the phenomena of 
a Itinar eclipse are in themselves far simpla-, -and 
more easily cakidated, than those of a solar eclipse, 
where the body that obscures the o^« is distant 
from it, so that their apparent places are much af- 
fected by the place and the motion of the ob- 



IM. Considering 
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144. CoroidenDg the small arches niOTcd over 
bv the moon» and the section of the shadow, 
during the time of an eclipse, as straight lines 
given in position, and described by two points, 
viz. the centre of the moon's disk, and the centre 
of the section of the shadow, moving with given 
velocities, the determination of the phenomena of 
a lunar eclipse is reduced to the solution of a 
.geometrical problem. 

Let ST and MP, (fig. 14,), represent tlie portions of 
the ecliptic, and of the moon's oririt traversed, du- 
ring the time of a lunar eclipse, the first hy the centre 
of the Bection of the shadow, and the second hy the 
centre of the moon, considered as strai^t lines- 
Let S be the centre of the earth's shadow, and M 
the centre of the moon at the instant of the oppoai' 
ttott, and let S' and M' he any oUier eotemporary 
ptMtions of these centres ; SS' aad MM' being U- 
ken in opposite direcfcions. Biaw S'N parallel to 
SM; and join M'N. Now if ( be the time in 
which SS' and MM' have been moved oT£r, rec- 
kmwd from the moment of the o|^mtition, in hours 
and d«nrrMls of an hour ; let the hoary motion of 
the moon in longitude be vt, so that MO =-mt, 
her horary motion in latitude a, bo that M'O = a f ^ 
and let the horaiy motiim of the sun or of the sha> 
dowbea, th«a SS' = MN = a ^ 
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Also, tan. NM'0=^2~, so Uiat the angle NM'O 
= S'NM' is given ; let this angle = $, 



then NM' = t^(n + m)* + >^^=:r I, 
r being = */(b + m)* + a'. Hence, if SM = (ij 



S'M' 



— ij^ t — 2or (xcosS + a*; 

and if the sum of the snaidiamder of the moon 
and shadow be called s, we havs the equation 
i' t' — 2 a r ( cos (i + a' = s^j for determining t. 



Hence t = ^ ± "^' —" 



_ , _ - 

These two values of t give the time of tlie beginning 
and end of the eclipse. 

The least distance of the centres, is found by subst!> 

tutiag - for t in the formula 

S'H' = V r'i' — gor( X co3,a +u, 
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SW i« then = V'o* — 8 «* cos ;8 + «' = 

«VlZI«co»7TT=:2«eiiigO=3« multiplied 

into the sine of half the apparent inclination of the 
moon's orbit. 

When a* =:: a* sin ^% of « = a sin 0, there can be no 
more than a contact of the moon and diade, 
which will hai^n at the instant expressed 

When *=sasin;a, iinp=:'~, and if siitjS >-j there 

can be no eclipse, as sin ,3 =: - ; therefore, unlesd 

- be less than -. ther^ can be no eclipse. NoW, 
r a 

r:=m + H+ ^-^ — t nearly; so that 



must be less than - , otherwise there can be no 
eclipse of the moon. 
It w0 serve as a limi^ to consider Whether ■ ■ is 
l«s 
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\tn thui ' ; or whether the horizontal motion 
a 

of the moon in latitude, bare to the sum of the ho- 
' rary motions of the moon and sun in longitude, a 
less ratio than the sum of the semidiameters of the 
moon and shadow has to the 1atit«de of the moon 
at the time of the conjunction. 

a + « 
If a = 0, t = -=Ji^. 

When the moon merely touches the shadow, that 
is, when the nearest approach of the moon to 
the shadow is Just equal to the sum of the semidia- 
meters of the mooQ and of the section of the sha- 
dow, we have what is colled an JppuUe. 

To derive as much advantage from the knowledge 
of the ecliptic limits as possible, it is neces- 
sary to observe, that when the mean opposition 
is 13'^ 36' distant from the node, there can be 
no eclipse ; and tliat when it U less than 9^ distant 
from it, there must be aii eclipse. lietween these 
iimita 12^36' and 9^, the matter is uncertain, and 
must be decided by the calculation of the true place 
of the moon, &c. These are the limits given by 
DkLambre; Woodholsk's Jstron. p. 3+3. The 
limits are differently assigned by othtr writers, 
VlHCE, Antron. vol. i. § 5to. 

145. Tlie moon selilom disappears entirely rn 
lunar eclipses ; even the spots may te distinguish- 
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ed through the shade : the nearer tbe moon hap- 
pens to be [o the earth, or the farther she is 
from the apex of the shadow, the datkness is 

the greater. 

The light Uut, by the refraction of the earth'i BfBio< 
sphere, is made to enter within the limits of the 
conical abodcnr, is no donbt the catue of this pbe> 
nomenon. 

tn some Instances the moon has disappeared entirely, 
as io that mentioned hy Kepler ib Jane 1620. 
HETEtios has taken notice of another, fthere the 
moon could not be seen even with 8 teiescop«( 
though the night was remarkably clear. 

146. As all eclipse of the moon happens at the 
same instant df absolute time to all observers^ it is 
(me of the phenomena, from the observation of 
which the longitudes of places may be most di' 
rectly inferred, % 67. 

On account of the ill-defined boundary of the shadow, 
this method of ascertaining the longitude does not 
admit of greet precision. It is difficult to deter- 
mine the beginning or end to less than a minute 
of time. 

The arrival of the boulidary of the shadow, at the di& 

ferent spots, can be more accurately ascertained 

than the beginning or end ; and, therefore, as many 

observations 
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fflMemtiwk 9f tli«t kind sliouU be Qu4e u pos* 
nble. 

Wkcn lewal mok obnrTstidiiS} .n^ nnder twA 
di^Reat meridiuii, arc con^^ared, tke mean may 
fuFBuh a tolerabtji e^act detertnuation of the dij& 
fn«eoe qf longilude. 

The comparison of the b^gmning br end, with calcu« 
latioqs previously made, pay also senre for finding 
the longitude, und may be useful for tiiat purpote 
at sea. 



Solar McUpsei. 



ivt. The length 'of the moon's shadotr is less 
than that of the earth, in the same ratio that the 
diameter of the iboon is kss than the diameter of 
the earib ; that is, in the ratio of 1 to 9.562. 

a. fieaUX, when the J^arth is in the ^helinn, the length 
of the Moon's shadow is 59.730 ; and if the moon 
is in the peri^i its distance from the earth is on- 
ly fifi.tOS i w that the sha^w may raach tiw earth, 
sad a total ecl^MC mxj take place. But if the moon 
were in her apogee, wfaea her, distance is 63.86!^ 
Voi. XI. K the 
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tbe shadow could not reach the earth, and th^ 
eclipse could not anywhere be total. 

i. When the earth b in the periheHoB, the length of the 
moon's abedow is 57.76 ; and if at the same time 
the moon be in the perigee, or indeed nearer 
than her mean distance, a total eclipse ma^- hap- 
pen. 

c. The moon's mean motion about the centre of the 
earth is 33' in an hour ; and the shadow of the 
moon, therefore, traverses the surface of the earth 
when it falls on the surface perpendicularly, with 
a relocity o( about 380 miles in a minute. When 
the shadow falls obliquely, its velocity appears 
greater in the inverse ratio of the sine of the obli- 
Ijuity. 

Relatively to a point on the earth's surface, the sha- 
dow may go much faster than this, as its motiog 
may be ia an opposite directioo to the diumat ro- 
tation.. 

The duration of a total 'eclipse, in «Dy given place, 
caiinot exceed 7' 58-. La Landb, § 1777. 

.An Annular Eclipse, or one where the sun's disk 
appears like a ling all round the moon, may last 

To have a partial eclipse of tbe sun, it U not requi- 
site that the shadow 'sb(Mild reach tbe earth; it is 
sofEcient that the distance of the centres of the 
sun and moon be less. than the sum of their appa- 
rent semidiameters. 

148. Wheq 
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lis. When an opaque bbdyis opposed' to one 
Vhich is luminous, there is a certain space behind 
the former, from which the latter is only partial- 
ly visible; This space is called the Penumbra of 
the opaque body. • 

M. If the bodies are spherical, the pendmbra is a conej 
having for its angle the line joining the centres of 
the two bodies; and for its vertex, the point in 
that line where tangents td the opposite sides of the 
two bodies intersect one another. 

b. Half the angle of the conical pe)iutnbra of the 
moon, is equal to the aj^mrent semidiameter of the 
sun, plut the angle which the iaoon''B semidiameter 
bubtends at the sunj 



149. To conceive the phenomena of a solar 
eclipse in general, we raay consider the section of 
the moon's penumbra as advancing on the earth 
from the west, and as being viewed by an obser- 
ver in the moon, in the same manner that an 
eclipse of the itioon is viewed by afi obsetv6r on 
the earth. 

The observer might be placed any where, providing 

he saw the whole of that nde.of the earth which is 

tlirned to the sun ; biit it is most convenient to 

*itppose htm in the mooni that the archesj compa- 

K 3 . red 
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ni with (Hw tnolkef, may beloi^ to cEides of thr 
VMueiwliiih 



iSd'. The pennmbra m a solar eclipse, if viewed 
from the moon, would subtend an ai^le equal to 
the sum of the diameters of the sun and m«on« as 
s«en from the earths 

When the ptnumbra jost touches the cUak of the 
earth, the distance of their centres is ef^ual to half 
the angle subtended bj the sectioD of the penum- 
bra, pliu tiie taooti't faoruontal panUaz ; tii^t i^ 
= semidlam. i + MMihI. 3 + Hw. Pu-. » . 

If the least distance of the centre i^ the Sua and 
mecMt, (the same with the least distance of the 
centres of the earth and of the peaumbrs), is less 
than this, there can be no eclipse. 

The greatest value of die above oflgle is Mbovt 
1* 3i'2T. Sul^Kisrag tlus to be the distance at 
the time of the ecliptic conjunction, we get the dis- 
tance fi:om ,tbe node 17« 81' 91'. If die con- 
junction happens nearer to the node than this, 
there maj be an eelifue. If it be more distant 
there can be nos*. 

The limits of solar ediptes bein|; greater than of lu- 
nar, there ane more edijiBea of the wn than of the 
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BOMi, and that omtIj in the ratio of 3 to 8 ; but 
fewtr ecltpsw of the sun are obserred in anjr giren 
place th^ of the moon, as a lunar eclipse is visible 
to a whole benusphere; but a solar onlj to a 
part. 

151. The general {^MnomeBa of the eclipse be- 
idg calculated to tli« time of a given meridian, the 
pbeoomeoa, as the^ will be obscrred at aay parti- 
culsj [4ace« may (dso be dcterniqed, bj calcula- 
diig tbe altitude) of the »an and hioqa, and the 
effects of their parallaxes for different instants of 
time, and then employing tht method of interpo- 
lation, to determine the tim? of tbe beginning and 
foi. Mid the quantity of the greatest obEcuration. 

a. Iiet die places of the sun aud moon be found for 
an instant, far from the bei^oing of the eclipse, 
and from thence let their altitudes for the giren 
place be computed, as also the effects of parallax in 

■ longitude and latitude. 

Ltt the differeBce of the ai^mr^t bmgitudc of the 
two bodies thus fiwad be called 3, and the latitude 
of the moon >. If the sun's parallax is included, 
let his parallax in latitude be applied to the moon, 
taking notice, whether it increases or diminishes 
the difference of latitude. Then ACB, fig. 15. be- 
ing an arch of the ecliptic, 4- tbei^aceof the nm^ D 
of the moon, as j«st computed, F the pole of the 
fdiptic, and FDC a circle of longitude, AC = i, 
KS KBd 
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bad CD = A, and AD the distance of the centres, 
which we may call _y=VS'+A*, because the triangle 
ACD may be regarded as rectilineal. In practice, 
y may be found by a construction ; or if great ac- 
curacy is required, we may compute y from the 
trigonometrical formula, cos j/ = cos ) x cos x. 

h. Let similar calculations be made for other two 
instants, separated by equal intervals of time m; so 
that one may be near the middle, and another near 
the end of the eclipse. Let the dietances of the 
centres found for these times be A, A', A" ; let 
the differences of these distances be D and IX; 
and let the second difference, or I> — D' = a. 

Then if _y be the distance of the centres for any time 
(, reckoned from the instant for whicK the first 
!:omputation is made, y = 

m 2 m' 

The distance of the centres is thus expressed in term) 
of the time, and from this equation the time of the 
beginning and end of the eclipse, and the quantity 
of greatest obscuration, may be determined. 

f. The time of the greatest obscuration is = 

and this being substituted for t, the value o{y will 
give the nearest approach of the centres. 

' AThii 
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^ This is only one of many methods that have been 
contrived for the calculation of eclipses. La 
Lande, Jstron. torn. ii. § i860, kc. 

e. The geometrical construction, by means of a projec- 
tion, is sufficiently accurate for the prediction of 
eclipses. . The most simple is that nhich supposes . 
the observer to be placed in the sun, and to see the 
path which any place on the earth's surface de- 
scribes in consequence of the diurnal motion, pro. 
. jected into an ellipsis on the plane of the earth's 
disk, while the path of the moon''8 shadow is pro- 
jected into a stmight line on the same disk. La 
Caille, Astron. Vince, § 575. 

/. A veiy great addition to these methods of calculation 
was made by La Caille, viz., that by which a 
geographical representation is given of the path of 
the shadow, the quantities and the times of obscu- 
ration, &c. for all places of the earth. La Caille, 
Astron. 1166. La Lands, Astran. § I91I. 

The. construction of such a map may be made with 
sufiicient accuracy by means of a celestial globe. 



K 4 Kumber 



=dbv.GoO^Ii;' 



15iS OUTLINES OF NAtDELAL FHILOSOPHy. 



Uumber eflkUfsts. 



a. In the space of eighteen jtm, there are Usually 
sbout 70 eclipses, 29 of the niiKHi, apd 41 of the 
sun. These numbers are nearly in the proportion 
of 2 to 3. 

i. Seven it thfc greatest titimber of ecHpses that can 
liHppen in « ^ear, and two tiieJcast. 

G. If there are seren, five must be of the inn, and twi^ 
off the Moon. If there tUK only two, they must be 
*iott» 6*' the flUn; fdr in ^fery year th«» are at 
leaA two vcHpses of the «ub. 

d. There can never be more than three ecl^>ses of the 
mora in a year ; ^nd in some yean there are none 
at alL 

t. Though the number of solar eclipses is greater 
tiian of lunar in the ratio of 3 to S, yet more lunar 
than solar eclipses are visible in any particular 
place, because a lunar eclipse is visible ^o ui entire 
hemisphere, and « solar is only visible to a part. 
Vikck's Aatron. § 588. 

f. Central Eclipses are comparatively rare phenome- 

, na ; for though there are about 28 such eclipses in 

every tycU o£ eighteen years, yet the space over 

which 
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wrhidt erery one of them appears to bo eentrsl, is • 
noiTow belt, perbi^ a mere UKithemadcal line, 
traced acrou the enligbtened hemisphere of the 
earth. 

g, A central eclipse ii amatfar, when the angle *ub> 
tended by the ■un''a dumeter is greater than that 
ndttended hy the mDon''B ; it w total for an instant, 
or SMC morA, when these angles are equd ; and It 
is total for a portioa of time that caa nersr exceed 
dgfat miaiites, when the angle subtended 1^ the 
moOn^s diMaeta* is greater than that nbtOnded by 
the aun^s. 

^ A Centrd eclipse observed at London in April 
1715, is described by Dr Hallkt. The darkness 
- for a ftw mimtta was so mtire, that Ike atars be- 
came visible. Though the disk of the «un was 
wholly covered by the moon, a luminous ring of a 
fiiint pearly light surrounded the body of the moon 
the whole time. Its breadth vas about a tenth of 
the moon^s diameter. The longest time tliat the 
obsaflration lasted any where in BrHain, was about 
»> 67: PkU. Tram. vol. £9. p. 295., be. ; Vincb, 
lanm. -rid, i. § Sm. 



Occidtation 
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Occultatmn of Stars. 

153. The same method used in calcolating 
eclipses, may be applied to compute the occul- 
tation of a fixed star by the moon ; only, when 
the moon is distant from the ecliptic, the base of 
the right-angled triangle in the former construc- 
tion, must not be supposed equal to the difierence 
of longitude, but to that difference multiplied 
into the sine of the zenith distance, or the cosine 
of the latitude. 

If S (fig. 16.) be the star, D the moon, D the diffe- 
rence of latitude, SE is not to be taken as equal 
to AC, the difference of longitude, but as equal to 
AC X sin SP = drf. long, x coa > . 

Thb distance SD being thus found, the rest of the 
computation is as before. 

If at tbe time of the mean conjunctitm of the moon 
and a star, that is, when the moon''s me^n longi- 
tude is the same with the longitude of the st», 
their difference of latitude exceed 1° 37' there can 
be no occultation, but if the difference be less than 
51', there must be an occultation somewhere on 
the face of the earth. Between these limits there 
is a doubt, which can only be removed by the cal- 
culation of the moon's true place. Vwce, vrf. i. 
g591. 

All 
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-Jill the stars of which the latitude is letu thsQ, 4° 32* 
maj suffer occultations b^ the moon, m any part of 
the earth. Dr Brbwstrr has given a catalogue of 
the most remarkable stars subject to occultations 
of the mooH. Edivhurgh ^juydt^xdia, art. Aitrtt* 
noiay, vol. ii. p. 668. 



Sect. IX. 

OF THE PLANETS, 



153. It was said, (§ 3. a.) that beside the sun 
snd moon, ten of the stars have moxXons eastward, 
peculiar to themselves. They are called Planets, 
and are distinguished by particular names, which, 
taken in the order of the celerity of their motions, 
are Mercury, Venus, Mars, Juno, Vesta, Ceres, 
Pallas, Jupiter, Saturn, Uranus. 

a. The first tiro perform their revoluUons in the 
heavens in less than a year, and are called inferior 
Planets ; the rest hare their period greater than a 
year, and are called tvperior. 

b. Five of the Planets, Mercury, Venus, Mars, Jupi- 
ter, and Saturn, are very conspicuous, and hare 
been known from immemorial time. Plint says 
of them: " Suus qaidem cnique color est; Saturno 
caudidus, Jovi clarus, Marti igneus, Lucifero can- 
^ens, Vesperi refulgens> Mercurio radians ; Soli 

ciki^ 
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cihn oritur ardens, poetel radons,' ffUt. Nat. 
lib. II. CBp. 16. 

Bf Ludfer i> vnderttood Venusi when Ken in 
tbe nuwDing before uinriK. By Veqter, Uie 
same planet seen in tJ^ p^eifing after iwnset. 

c. Tbe other five planeti are visiUe onljr through the ie- 
leBCope, and have been latelj discovered ; Uranui by 
HBaKUEL, in 1781 ; Ceres bj Y}^%i, in 1601; 
Pallas hf Qlbebs, in 1808; Juno br J^niHiia, 
in 1803; VesU bj Olbem, in I8O7. 

i. The planets hare also particular diaractm, bf 
which they are distinguished ; these, in the order 
in which they have been vnumenited, are, 

It is best to begin with the inferior planets, and 
with Venus, as that of which Uie phenomeiia ar« 
mpst easily observed. 



154. Vema the most brilliaat of tbe planets, 
always acooiopanies the sun, never receding from 
him more than 45°, and becoming, as she is on 
the east or west side, jdternately the Evening or 
die Morning Star. 

.. 0* VenuB is the only planet m qi tipoed in the Sacred 
Writing, and in the mit wtoient |ioete, puch at 
llxitop ^ ilpwxiu 
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b, Tbe Eveaiag and Monuog Star, or tbe He«p<eFU8 

and Fhoiphonii of the Greeks, were it first auppoi 
sed to be different. The discovery that thej are 
tia same ia ascribed to Fms.oottA». 



156. This planet, when an evening star, and at 
her gteatest diitaoce from the sun^ or at what is 
called her Greatest Elongation, appear*^ through 
the telescope, to have a semicircular dtdt, like the 
moon in the last quarter, with its coare^ty turn- 
ed to the west. From that time, during her ap- 
proach to the suOf her splendour increases for a 
while, though the <iuaDtity of the illumioated 
disk diminishes, like the moon in the wane j and 
at the some time, her diameter, meostded by the 
distance of the horns, increases. 

«, At tbe fime of her greatest doogation, Venus i» 
stationary with nspect to t^ sua, or bta the saise 
motion in hAigitude. After that, her motion in 
lOni^ude becums slower than tbe sub's, and she 
comes nearer to ^e sua, as just remarked. At a 
cert^ point she becomes stationary with respect 
to the fixed stan, having no motion in longitude. 
After thrt, her motion becomes retrograde in re- 
apect of the fixed atars, and is directed west- 
irar^L 

i. TebuB at last sjiproacbes the sun, bo as to be lost 

in his light; and after some time, appears on the 

west 
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west side, and is aeen in tbe auxaiitg, before tht! 
sun rises. 

e. Though Vequs in general is not visible at the lime 
of her conjunction with the sun, she b&s sometimes 
been seen as a dark spot passing over the body of 
the sun. This is the phenOmenob called the Tt'an- 
lii of Venui. Her diametet* is then greatest^ and 
meawrea nearly one minute. 

156. As Venus proceeds to the tvestWard, hei* 
disk is seen ah a crescent continually increasing, 
at ,^ the same time that the diameter is diminish- 
ing. At the elongation of 45*, the disk is agairi 
a semicircle j and from thence it increases, whild 
the distance from the siln diminishes, till the pla- 
net is lost in the sun's rays ; her orb being almost 
a ''ircle, but its diameter not more than one-sistb 
' of what it was at the former conjunction^ 

a. The coiyunction, which is preceded by the ap^ 
proach to a full orb, or that which follows the wes- 
tern elongation of Venus, is called the mperior con^ 
junction, as she is then farthest from tbe eartk Th« 
other tbe inferior. 

i. The time of the greatest elongation' of Venus ia 
about sixty-nine days before or after the inferior 
coi\)unction, when she is between 39° and 40" dis- 
tant from the sun, and cOmes to the meridian lb 
S&D either before or after noon ; her disk is then 

uk« 
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Mke thtat of the - moon fire days before or after the 
conjunction. La Lands, § 1147. 

■ 157. After the superior conjunction, the orb of 
Venus increases in magnitude ; but the enlighten- 
ed part diminishes, just rerersing the former 'order, ' 
tilt she arrive at her greatest eastern elongation ; 
after which the phenomena are repeated, as alrea- 
dy' mentioned ; and the period which circumscribes 
all those changes, or the time from one conjunc- 
tton to thenexx conjunction of the ^aoie sort, is, 
in its mean quantity, 584 days. 

a. This is called the Syuodtcat Revolution of Venn*. 
, She b retrograde .with respect to the fixed star* 
during forty-two days of that period. 

158. Hence it is evident, that the orbit of Ve- 
Dus surrounds the Sun, but cKcludes the Earth ; 
and that her motion, with respect to the sun, may- 
be equable, notwithstanding the variety of ap- 
pearances it puts on to a spectator in the earth. 

fi. ira,bp;tke distance of the eartbfrooi theaun, and 
x:fb^.c)f Veaus/rom the sua, a-i-x will be its 
distance from the earth,; at, the superior conjunc- 
tion, and a — x at the inferior; and by § 156. 
o + ar;a — «::6:1; so that 3 a : 2 x ; :7r5,' or 
as 10 to 7. If the earth's distance from the sun 
be called 10, that of Venus is 7; and this serves as 
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« fint 4pproxiitHiMoii t? the' ^s%hi«». «f Venils, 
supposing her ofl^t a ciijr<;)e> wHh Ut p^itt In Uie 
sun. 

i. From the ajgodioil rev6]titien. of ^ days^ the 
periodic time of Veniw i# found ne^lj equal to 294 
i&fs- For if V be the angular velMit; of tbe 
planet in her orbit, or her diunial motioQ> that tit 
the earth being 59' 8'^ ) then the afth dtscribed 
by the stiai during s ajroodical revolution of V»-' 
niu is (59^ 8*3) 5S4 ; and that described hy Venus 

' in the saine tint^ is 360+(£9'8".3}dB4; 'ihere< 
fore the diarhal motion of Tenus in her t^nt 

zs 1° 35' 56"; and the ||»lodic tiB^e = 
j5^g;-g^ = 224 days nearly. 



159. Mercury, like Ven^s, actompaniea ^e 
■ 6qD, and nevn recedes from him farther than 88". 
The grealest diameter is 1 i"^6, the least 5*.025. 

a. Hence Mercury describes an oAif round the sua,- 

. at the nwaa dlstanee, (tonputeil aa in Ae caafe of 

VcBw), of 8-7 erf* the parts vhereof the Sulli'i dk- 

ttnce frop the iwi ia 10. 

4. The synodic rerohaion of Mepiwy if llfi*.8W 
aearly. 

" " * " ■ . "■ The' 
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^The diurnal motion in his orbit A" 6f 32". 

The periodic time 87d.97 nearly. 

160. The points in which a planet has nolati' 
tuile, are called, as in the case of the Moon, the 
JWwfe* oftJte Planet. The Planet is then in the 
ecliptic, and one- half of its orbit lies on the north, 
the other on the south side of that plane. 

a. The line of the nodes of ereiy planet, or the com- 
moo section of the plane of Hi orbit, with the 
plane of the ecliptic, passes through the Sun. This 
was discovered bj Kilpi.er. ' See Dr SitALL^t^- 
count of'S.E.rtER'a JXacoreriet, p. 154. 

2>. The node through which the planet passes EntQ the 
oorthem signs, is called its A*ee»dng Node ; that 
through which it passes into the southern, is fail- 
ed the Dtacmding Node. 

c. The Helioeenlrie place of a planet, is its place as 
at would be seen from the Sup rtbe GtocfiUric, as it 
is seen frmn the Earth. 



l6l. Wheo the Earth ia in the line of a pla- 
net^s nodes, or, which is the same, when the Sun 
is seen from the Earth in that line, if the planet's 
eloiigation from the Sun, and its geocentric lati- 
tude be observed, the inclination of the orbit may 
be found ; for, the sine of the elongation is to the 

Vol. II. L radius. 
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radius, as tt)e tangent of the geocentric latitude to 
the tangent of the inclination. 

La Lande, 13d8. Gregohy's Aslron. Book iti, 
prop. 80. 

If the planet be 90° distant from the Sun, the lati- 
tude observed is just equal to the inclination. Kep- 
I.BR made use of this last method for detennining 
the inclination of the orbit of Mars. 

162. If an inferior planet, at the inferior and 
superior conjunctions, or a superior planet at the 
opposition and conjunction, be als9 90° distant 
from the node ; from the observation of its geo- 
centric place, the inclination of the orbit being 
known, the ratio of the planet's distance from the 
Sun, to the Earth's distance from the Sun, may 
be found. 

In the annexed figure, (fig. 17.), let S be the San, 
V W the Arbit of Venus, E the Earth ; then joining 
EV, EV, and drawing the perpendiculars VD, 
V'ly, if ES = a, SV=ft, and the angle ESV = I, 
SD = J cos I =: Sly I so that ED = a — icosi, 
and ED* =: o + i cos I. If the angle VE9 = 7i, 
mA VESrsA', then becansg VD = V'I>, 
tafl 
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: a + bcosX la — JcosJ- And 

tau 1. — fan v 



cos I (tan A + tan y) ' 



TblA afibrds s fint appr«xination to the dial«nae of 
the plaaet, uipposiog itd orbit to be circular. 

]6S. The orbits of the superior planets, include 
both the Sun and the Earth within them ; and the 
Sun is nearly in tbe centre of each. 

0. Those planets are seen in o^tonttin to the Sun as 
weU aa in uwjiuicCioD ; sod in tke latter ntuation^ 
the angle, uibteoded by (he planet is mnch less 
than in the firmer. The angle, for ezainple, un- 
der which the diameter of Man is seen in (^posi- 
tion to the Sun, is 18".972; and in conjunction 
3".96, only a fifth part of the former. Hence, rea- 
soning BS before, a being the distance of the Earth 
from the Sun, and b the distance of Mars from the 
same, b + a:b — a::5:l, and 2$:2a::6:4; 
or ft:a::3:2. 

h. When the oppositions of Mars are observed in dif- 
frrent places of the heavens, and ^hen, of conse- 
quence, Mars is in different points of his orbit, the 
ratio of & to a is still found nearly the same ; hence, 
as we know that a does not vary much, the varia- 
tion of fr must be inconsiderable, and the Sun must 
L 2 therefor^ 
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thcxtfore be nesdj jn the centre of the orbit of 
Afar*. Tbe Ww'te tm? of Jupiter, Saturn, 
- &0. . 

c. Mars appears with his disk perfitctly round, both 
. ftt the opposition and the conjunction. In the in- 
termediate positions, be is found to want something 
of perfect rotunditj- on the side turned ' fartliest 
ftono the Sun. 

Obserrations madp at the oppoaition o£:A {danet, 
a«], when possiUe; mear the coEjjuQCtion, are 
valuable, because tbe planet is then torn from the 
Earth in the same place it would be seen in from 
the Sot) ; that Is, the g^octntrlc and helioo^itric 
places, either t^incld^, or <I9^ iestactly .by 180 
degi^s,' ' »'■ '•■■'"■ 1 ■ 



1(54. The superior planets are not always pro- 
grBssiye,;or do not always move from west to 
..east; but, like . the tqferior, thE^ {j^opme station- 
ary, and abO' retrograde. They tue- progressive 
at the ccmjanctioiv and^for a considecable distance 
on each side of it ; they are retrograde at the op- 
position, and at certain points between, are station- 
ary, ^9ssing gradually from one of these states 
to another. 

- a. Thus Mart, when he emerges. flrom the San^i rays, 
j9 few days after the conjunction, and is seen to 
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rid£ s<Hi)e juinutefl befbre the San, is fbMd to be 
juvgressive ; that u, Ms H^t tadtanidH, If obser< 
red from day to dij, contintiallj increastAl: The 

- cigfat.ascenBion of the ^o, howerer, increalet faa- 
teri so that Mars recedes from the Sun toward the 

. west, thomgh his real .tnotioo, with respect to the 
fixed stars, is toward the east 1 he motion, how- 
ever, is continual); growing slower, and at the end 
of a year nearly, his angular distance from the Sun 
being then betmeb 136^ ftnd 137 ', be becomes sta- 
titmary, and U widiDut any sensible motioo for a 
few dayst 

'Bis mettoii, tben beCopies retrograde, 0r toward the 
west, SJid cMi^uss so till he U 180° distant from 
the Sun, or in opposition, so as to be on the meri- 
dian at midnight. His retrograde motion is then 
swiftest; it afterwards becomes gradually slower, 
and ceases altogether When the planet has agaia 
comb to be between 136" and 137° distant fVora 
' the Sun on the other aUe. The sidtion of Mara 
becomes ^eh progressive, and .continues satill the 
cbi^vacticoi} and beyMid il^ ia the i|U|!^«* jifst de- 
sctaied. 

,p. The, aasje is tnief with eertain Variations, of ^1 
the other planets. The longer the period, and the 
more dbtant the planet from the Sun, the longer 
the time* aad Uie smaller the arc of rel^groda- 
t»rt. ..:■ 

13 For 
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For tbe siy principal planets, theie «rcs are exhi- 
bited in tbs annexed Tabl«, socordittg t9 their 
.mean quantities. See La Lands, § 1192. AIm 
Bioi, § 97. vol. in. 





Elongation, 


Arth oF Re. 


Time of Be- 


Sjmodic Be- 




wheneu. 










Hon*,. 








Mercury, 


IS'-OtV 


13«.3ff 


83 dan. 


ns daya. 


Venn., 


28 .46 


10 .18 


43 


584 


Man, 


136 M 


16 .12 


73 


ISO 


Jupiter, 


115 .18 


9 .54 


ISl 


399 


Saturn, 


108 .61 


6 .18 


139 


378 


Uranua, 


103 .30 


3 .36 


151- 


370 



lft.5. The Apparent motion of an object is aiFec- 
ted by the motion of the spCL-tator; and if there is 
not a certainty that he h at rest, when the motion 
of the former appears extremely irregular, it is na- 
tural to inquire, whether any motion that can rea- 
spnably 
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lonabt^ be iscribed to the latter, will explain the 
irregularities observed. 

In the present case, there is not a certunty thtt the 
^lectotor, ((H- the Earth), a at rest : the want of 
any infwmatiDD (|f hiif motion from terrestrial ob- 
jects affords none, a*, acconUng to a principle aU 
naAj e&phiiped, .the motions of bodies among 
one «iother, are novrise affeeted b^ an/ motion 
which is cvmtnon to them all. 

166. When a spectaioi' moves, without being 
Getisrble of it, he necessarily transfers his own mo- 
tion to the objects around him, estimating it in u 
direction opposite to that in which he bus actually 
moved. 

Suppose en object to more from A to B, (fig. 18.), 
while an oboerrer, ttonnscious of his own motion, 
is carried from C to D. From Q draw BF equal 
and parallel to CD, but exteilding from B the op- 
posite wAy that CD does from C, and join AP ; 
AP will be the apparent path of the body, and P 
Its apparent place, at the time when the spectator 
is really in D, and the body in B. 

If the Telocity of the observer had been tlie same, 
hut ui an opposite direction, CD', }it^ being 
drawn = BF, but offKisite to it, the apparent mo> 
lion of A would have been tn the line AT'. ■ 

1. 4 Tliis 
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ilfiii is evident, l>ecause CF la equal to X>B> vtoA- 
makes the same'an^e with CD. 

Hence it is erident, tfaat an object* witliout being 
reallj at rest, may be apparently so, if tbe observer 
is in motion, and may even acquire an apparent mo- 
tion, in a direction contrary to its real. "Xhaa al- 
so the observer and the object both moving with 
pe^ect regularity, both descritnng concentric 
drcles, for example, with tiniform veloaties, and 
directed the same way^ the one may become sta- 
tionary in reapect of the other, and even acquire a 
motifm in an opposite direction. 



16?. StiJ>pose d to be the distance of a planet 
(imaginUig it to describe a circle round tbe sun) 
from tht suo, or tbe radius of its orbit, and e the 
elongation from tbe siin, at wfaicb it appears sta- 
tionary, the radius of tbe circle in whicb tbe ob- 
server must move, in order to see tbe planet sta- 
tionary at .tliat elongation, being called x, is found 
from tbe equation s* + dx = (f* cot* e i or 



,=-la^U 



l+4cot'c. 

a.thif follows from what Keil has demonstrated in 
' his Astronomy, 8e«t. 37. ; Lbmohieb, InHitiaunu 
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d^iitoTwm^wt^ p. 58& La Lands has simjplUied 
the demonstration, § 1 IS8. See also Bjot, vol. iii. 
p. 181., Tiote. 

i. If, by help of the above formula, we intiuiref suppo* 
sing the Earth to revolve in a year roiind tlie Sun, 
and Mfirs in 686. 9S daysi what must be the ratio 
of the distance of the Earth to the distance of Mars 
from the Sun, in order, that the latter may lie sta- 
tionary at the elongatioa ori36'' f we sliaU iind it 
to be that of 1 to 1.52, wliich ia the ratio deduced 
from other phenomena. , !. \ 

c. Not only are the stations thus explained, hut tfie ex- 

tent of the arches of progression and retrogradSf 
tion also. This coincidence affords a strong pre* 
suniption in' favDUr of the system of the Kortb'a 
motion, or that whlc*i,"fit»Hfl tfae hahie of its db- 
toverev, is called the Coperttiian %»(««. 

d. Tlu.sfme holds of Jupiter, , Saturn, Uranus. The 

gune motion of the Earth, and the aame distance 
from the Sun, will account for the phenomena In 
all the cases ; so that whatever probiibllity theft is, 
from the phenomma of one planet, in farour of the 
Earth''s motion, the same is increased in a quadru- 
plicate ratio, from consid^ing ths phenonlena ot' all 
these four superior planets. 

c. The two inferior planets,, give a similar increase of 

evidence. The fouc new^plan«ts are,,, not taken 

. , ist* 
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into account, as tbe times of their stations, Stc. 
may not jet have been euffidently determined by 
obseiratioD. 

f. On tbe strength of this evidence, we shall aisnme the 
motion of the Earth as a fact, and try whether it is 
consistent with the other phenomena of tbe plane* 
t»Ty motions. 



OrbUs of the Planet*. 



IH'i. If a planet be observed twice in the aamO 
node, the node in the interval being supposed to 
remain fixed, the position of the line of the nodes 
may be determined, and also the distance of the 
planet frGm tbe sun at the times of observation. 

a. Let a superior planet be observed in its node 
' N, {fig. 19.1, from tbe Eartfi at E, and after the 
planet has made an entire revolution, and returned 
to the point N, let the Earth be at E'. Then, 
from the time, and the construction of the EartVs 
orbit, E£' is gjven, and the angles SEE', SIL'E. 
But the angles SEN, SE'N, are known by obser- 
vation } tliercfore the angles SE'N, E'EN, as also 
the 
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^e base ££' ; and the sides EN, £'N, ore fp- 
rea. Hence, frflra eithw of the trianglei ESN, 
E'SN, SN. is found, and also the angle BSti, or the 
helioceatric [>Uce of the node. Gr&pory's Atlnt- 
namtft Book m. prop. 19- Wolfu, illrm. A»t. 
§ 777. Thus the periodic time of the planet is 
determined, ^d also its meao motion. 

h. When observRtions of this kind are made at a consi> 
derable distance of time from ooe another, it is 
found that the nodes of every planet have a alow 
motion retrograde, or in a direction contrary to- 
the order of the signa. 

J 69. The distance of a planet from the Sun, 
and its heliocentric place, or its longitude as seen 
from the Sun, may be determined by observations 
made at the time of its opposition to the Sun. 

If E (fig. 20.) be the Earth, S the Sun, P a planet, 
O its place reduced to the ecliptic, SN the line of 
the nodes ; the points S, £, and are in the same 
straight line, because of the planet's opposition to 
the Sun, and the angle ESN, that is, OSN, is 
known from the last problem ; therefore the angle 
PSO or PSE, the heliocentric latitude, is also gi- 
ven. The angle PEO, the geocentric latitude, is 
nlso given by observaUon, and the base £S, from 
lJ»e theory qi the Earth's motion ; therefore SP, 
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or tite planet's ttUtance from the Sud, is ^un j< 
The poiiHoD of FS, relatively to NS, Is also thu* 
determined ; for; in llie right-angled spherical tri- 
'' ' ' angle, of Which the base b the arch that mea< 
' ' sures the angle OSN, and the perpeiidibular the 
iarcfe Which measufes the angle PSO, the hypothe- 
nuse is the measure of the angle PSN, frhich the 
rodiusvcctor makes with the given line SN. 

i. Thus also, £P, tSe planet*s distance Itoin the 
Earth, is found. If, then, by observations made 
- ' d little before and after the oppositioD, the diur- 
lud moUoD of the |»lanct in its own orbit, relBtlix-' 
ly tw£, be detentuaed^ the same maj be found re- 
latively to S, being to the other in the inverse ra- 
tio of SP to EP. 

Whiea naasy opposi^Kws.^f a pl^ut are tlias obser- 
ved, many diderent .rsdiiof-the planetary orbits 
4, ace det^xnined, as. veil W the angular moUons 

... .cojT^pouding to them. ... 

170. It appears, on laying dowri the radii de- 
-tbruihied'aE above,' that the orbits of the [daiiets 
'a^e«lU[^t, having the Sun ifi their common Xo- 
cus i and that the angular motions, of n planet 
round the Sun, are inversely astbo sqjtaieft.of its 
.^i^JiQces lironi the Sun ; &o th^it the sectors de- 
; icribad b>y the.rftdiiis vector^ are proportional to 
the time. 

These 
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.. These , tyro . proposHioiu, irhich Jiave akea4y been 
shewb to hold of the .Earth'i i]:}otioii,,are therefore 
common to the motioni of sU the planets. , The^ 
were tl jscovered by EEFbEs* and were first found 
out hy him, with in6nit« ingenuitj sod kbour, 
when he was endeaTouritig to deteuDinc the orbit 
ofJV<Ka. 

, 171.. When the focus of an ellipse, and three- 
{tolnts jn .it$ circumference, are given, the ellipse 
may be described ; and bence the planetary orbits 
may be detecmined, that is, the axis, the eccen- 
tricities, and thence tbs equations to the centres, 
&c. ■■;■.■■-.-■.■-■ 

The applicttioB of this to find the three EUmtnU 
of an oiWt, the Eccentridty, the place of the 
Aphelion, and the Epoch, or radical mean place,' for 
a given time, » in I^a Lande, IS88, Sro. Als* 
VmcE's Jtlrommty, toI. i. j 9S7. See also Neu- 
Tonu Prhi._M9lk. lib. l"™, prop. 21. SchoL 

17?. When the meaa distances oS the planett 
are compared, and slaa their periodical tiiOQs it is 
£3tind 4hat the-sqiSirei of the periodical times are 
as the cubes of the distances. 

This great general fact was also discovered by Kev- 
L£a, alid is the third of the laws that bear hit 
same. 

173. When 
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173. When the elements of the orbit are found 
from observation, at periods considerably distant 
from one another, the line of the apsides of each 
of the planets is discovered to have a 4ow motion 
forward. 

X.A Landk, § 1309, Sec. 

; The Elements of the Orbits of the difierent Planets 
i are given in the annexed tables. 





InclinaUoD of 


Long, .sceiid- 


Seciilu motion 




Uu: Ocbic to the 




ofUieNoilit. 




Ecliptic lOr 


1901. 






laol. 






Mercury, 


r O* 1" 


46' 67' 31- 


— IS" 2" 


Venm, 


3 S3 83 


74 68 68 


— 3110 


Mm-s, 


1 n « 


4« I 30 


— 384S 


JunOf 


7 a 46 


103 I 




Vest., 


13 3 89 


171 688 


Ceres, 


10 37 31 


80 1 3 




Pallas, 


34 37 8 


172 33 86 




Jupiter, 


1 18 43 


98 25 34 


— 2617 


Satarn, 


2 29 38 


111 65 87 


— 3754 


Uranus, 


4S 26 


78 61 14 


— 5967 
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■ 


SyderUI BevD- 


MeanDb. 


En^nMdr, 




luiiona. 


Unas. 


tlM mcui Dii. 


Mercunr, 


871.9692 


0.39709 


0.80551 


Vemii, 


88* .7008 


0.78333 


0.00685 


The Earth, 


365 .2SU 


1. 


0.01685 


Man, 


686 .9796 


1.58369 


O.09313 


Judo, 


13S5 .805 


8.S13 


0.09388 


Ve.U, 


1690 .999 


8.66716 


0.86481 


Ceres, 


1681 539 


2.76740 


O.07836 


Psllis, 


1691 .709 


2.76769 


0JU638 


Jupiter, 


4338 .5963 


6,80879 


0.04817 


Saturn, 


10758 .969S 


9.S38T7 


0.0561T 


Uranus, 


30668 .7187 


19.18330 


0.04667 
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Mean Longi. 


Mann Lcoigl- 


SeeolBTW. 




hide of Uw 


tude of the Pe- 


I^eihdian. 




PtaiKta. 


rihelion. 






I«J«L1801. 






Hercaiy, 


166''0'48" 


74"21'46" 


9-43- 


Venus, 


1133 16 


128 37 1 


4 28 


larth, 


10039 10 


99 30 5 


19 39 


Mm, 


6492 57 


332 24 2* 


26 22 


Juno, ' 


2«037 16 


53 18 41 




Vau, 


267 31 49 


249 43 




Cerea, 


S64SI 34 


146 39 39 




Fallal, 


2«S43 32 


121 14 1 




Jupiter, 


112 15 7 


11 935 


n * 


Saturn, 


135 21 32 


89 8 58 


32 17 


Uranus, 


17747 3S 


167 21 42 


4 



The First of the above Tables gives the inclination of 
the orbits, the position of the line of the nodes, and 
the secular motion of the nodes for aU the planets. 
The tiga mintu, prefixed to the motions of the 
nodes, signifies that (hey are retrograde. The in- 
clinations of the orbits of Veita, Ceres and Pallss, 
are greater than those of the other planets ; and 
the orbit of the last goes far beyond the sodiac. 
The 
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t'he secular variatiotiB of the nodes for these three 
t>Ianets, and for Juno, have not jet been determi- 
ned. 

The Second Table, gives the times of the sjderial re- 
volutions in dsja ; the mean distances from the 
Sun, or the semitransverse axes df the Orbits,- on 
the supposition that the mean distance of the 
iVth if t ; also the fcceatricitf of each orbit, 
supposing the semitransverse of that orbit to 
bei. 

The 'JMtd TaUe, gives the mean longitude bf eicii 
. planet'for ;the 1st of Janiiarj 1801, to the nierv- . 
: dian o,^ 0F^n<picb i also the mean, longitude of the 
perilieUon,;or lower apsis of the orbit, with the se- 
cular variation. See i^xposition iu St/stme dw 
ifonde, 3™e ed. ', BipT, torn. lii. § 29. Wood* 
HOusBy ^s(; p. 286. 
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notation ^tbe Planets. 

176. Four of the planets; Vcnns, Mars, Jupiter 
and Saturn, when examined with the teleicope, 
appear to revolve on axes, In the saihe direction 
in which they revolve in their orbits; the axil 
of each remaining always parallel, or nearly pa- 
rallel, to itself. 

a. This conclusion is derived from the motibii oif ctrtaig 
spots, which are dUtingubhed, by the colour of in- 
tensity of their light, trom the other parts of the 
planetary disk. In this vray the time of rotation 
is also determined, as in the case of the Sun, 

6. It is thus foond, that Venns revolves in 2^" SI* 9», 
on an axis which makes a very small angle with 
the plane of the ecliptic. This was first observed 
by the elder Cassini. La Landk, § 3341. 

c. Mars revolves in 1 day 39 minutes, on an axis indi- 
ned at an angle of 59° 43' to the ecliptic. 

il. Jupiter revolves in 9>> d6<", on an axis nearly perpen- 
dicular to the ecliptic. 

t. Saturn revolves on his axis in \<P 16°>. 

Thov^ 
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/. 'though Mercury is too much immersed in the Sun'4 
rays to allow points of unequal splendour to be ob- 
served on his surface, jet certain periodical inequa- 
lities, observed in. ibti; Horns of the disk, seem to 
indicate a revolution on an axis. 

Of the ottfer planets, Uranus is too distant, and Ju- 
no, Vesta, Ceres and Pallas, too small, to admit of 
• any observation from which either a revolution on 
an axisj or the contrary, can be inferred. 

177. Jupiter, Saturn and Mars, are compressed 
at the poles, or the extremities of tlie axes of revo- 
lution, in the same manner with the Earth. 

A. The compresaioil of Jupiter amounts to a fourteentl^ 
part of hb longer diameter ; that of Saturn to ah 
eleventh. 

ft. Man, according to ihe observations of Dr H^er-' 
scuELL, is compressed at the pcAsa, so that his 
equatorial diameter is to his polar axis as 16 to 15 
nearly. PkS. Tram. 1781, p. 134. and 1784, 
p. 259. LaLande,§3343. 

178. Some appearances indicate the existence 
of Atmospheres surrounding the planets Jupiter, 
Mars and Venus, but are not sufficient to esta- 
blish the fact with perfect certainty. 

VitfCC, § 400, &£. BiOT, tom.tir. §^37,'&c. 

M a Sect. 



DiailizodbvGoOglc 



ISO OUTLINES OF NATURAL FHILOSOPIfif. 



Sect. X. 



OF THE SECOSDART PI.ANET3. 



179. Jupiter, when viewed through a telescoptf, 
is fouod to be accompanied by four small stars, 
ranged nearly in a straight line, parallel almost to 
the plane of the ecliptic j and occasionally on the 
sams, or on opposite sides of the planet. 

a. Sometimes these small stars pass betueui ufi and Ju- 
piter, and their shadows are then seen traversing his 
dbk. Hence, it is evident, that both Jupiter and 
they are opaque bodies, which derive their light 
from the Suo. 

^. Jupiter, accordingly, projects behind him a conical 
shadow, in which the little stars just mentiooed 
are otten immersed ; so that they disappear, and 
are eclipsed, as the Mtxtn is, by falling into tbc 
shadow 01 the £arth. 

c Ht^nce. these little, star^ are to be considered as 
moons, which circulate round Jupiter; and as they 
are always observed to move eastward, when they 
are eolipsed, and wedjrard when fbey pass oyer the 
^i^k, it is evident, that their motion is progressive. 
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■ br in ' the same direction with tlie motion of thp 
planets round the Sun. 

tL The stars which thus circulate round another planet, 
&re called SattUiUi ; and ^so Secondary Planets ,- 
those that revolre immediately about the Sun, 
being distinguished by the name of Franary. 

The Moon is therefore a secondary planet ; but has 
been treated of before the primary planets, because 
her motions are conspicuous, and very useful for 
explaining the general phenomena of the .heavens. 
The satellites of Jupiter were discovered by Ga- 
lileo, in 1610. N'uncius SyderiuSf' Florentiit, 

180. The distances of the different satellites 
ffom Jupiter, are nearly in proportion to the 

•angles which these distances subtend from the 
Earth,- when'the satellites'- are at their greatest 

' elongations. 

«. The distances are found, on this principle, to be nearly 
in the ratio of the numbers 6, 9, 15, and 26. The 
satellites are called First, Second, &c. in the order 
of the distances, beginning from that which is near- 
est to Jupiter. 

S. The moments of greatest elongation, and of the be- 
ginnings end ends of eclipses, are almost the only 
times at which the satellites have been observed ; 
. and it is thence, that with muci! ingenuity, and in- 
M3 credible 
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flredible liApyr, a cwpplpte tlieory of their (notionn 
has been established. , 



181. The time frotp the middle of one eclipse 
, of a satellite, to the middle of the nex|, is the 

time of its synodic revolution, and is equal to the 

time of its re-volution round Jupiter, increased by 
■ the time which it takes to descrjbe an arch of its 

orbit, equal lo the arci^ which Jupiter has descrir 

bed in the same time roOnd the Si«1t 

Vi. Tlie synodic revolution of a satellite is subject to va- 
riation, Bs the rate of Jupiter^s motioD, in his or* 
bit, is not uniform. The greatest equation of Ju- 
piter's orbit is 11° 8' 2"; and the time of the first 
satellite's moving oVer an arch eqwal to this, ig 
39™ 22* ; and so much, therefore, may the ijaodic 
revolutions of that satellite dUfer from thti ineaq. 
Those of the 4ith may differ 6h IJp* from the 
same cause. Yincb, Aat. vol. t. § 419- La LandEj 
Ast. § 2925. 

183. The syoodical revolutions of the same sa- 
tellite, are subject to aq inequality, depe^(^ing oi^ 
the distance of the Earth from Jupiter, 

a. When the Earth is nearest to Jbpilcr, or «t tlie time 
of Jupiter's epposiCmti to the Snn, if the synodic 
revolution be it, the successive etjipsei should hap- 
pen at the interrab r, 2h^ 3 n, &c. reckoning from 
the 
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the first. But tliej are found to happen later than 
those intervals, b^ quantities which increase pro- 
gressively^, till near the conjunction, when the 
Earth's distance from Jupiter is the greatest. 
From this time to the oppoulion agun, a scries of 
anticipations takes place', just equal to the former 
i^tsrdaliviia, and is a reyerse order, so as to bring 
btl^k the eclip;^ near the opposition, to the time 
tk\ wfuefi t^ej would have liappened if none of 
those inequalities had taken place. 

h. The amount of th^ ' retardation, from the Of^sitipn 
to the conjunction, is 16ra 26* nearly. Th^ inequ^ 
lit; is the same in all the satellites. For the first 
satellite, n = 4S hours nearly. 

183 The inequality just described, is complete- 
ly explained, by supposing ligbt to be propagated 
in succession, and with a velocitv by which it pas- ■ 
se? froin.tl«; Swn to the Eartb in s" \3'^. 

Cassini and MaraloI discovered this inequality in tlie 
first satellite, and the explanation just mentioned 

. ofi^rred to them, but was rejected, because it 
implied fhe existence . of the same inequality 
in the other satellites, which did not appear from 
their observations to he true. Mahaldi also ob- 
jected to this ex|danation, that, if just, the inequali- 
■ ty must be affected by the eccentricity of Jupiter's 
orbit. . The, explanation, however, was revived 
by RoBMSR in 1674-, and the inequality was shewn 
. , M 4 by 
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by Hu/LET to belmg to all the satelUtes. It baf 
also been found, that the eccentricitj' of Jupiter'q 
orbit does affect the inequality in question. Mp? 
liANDEltHJBi.M, Mtron. vqL ti. p. £84. 

1S4- The same law connects together the perioda 
of the satellites, and their mean distances from Ju- 
piter, which connects the periods of the planets, 
and their mean distances from the Sun ; that is, 
■the squares of thje former - quantities ajre a» tjie 
cubes of the latter. 

NjctrTOHi Priacip. Math, lit). ii|. prop. 17t 



185. The mean motion of the first satellite, add- 
. ed to twice (be meaii motion of th? third, is eqiial 
-to three times the mean piotion of the second. 

a. If m', m", mT, are the mean motlbifs of the first, se. 
-' Q[)t)d>«^djtliird satellite of Ji^pker, J 

i. Also if L', L', L", are the longitudes of Uiese ta- 
teilites, L' — 3L" + 2L"'=:180«. Mechaniq^ 
Celeste, tofn. i. p. M2. 

186. The orbits of the satellites arc pot in the 
same plane with the orbit of Jupiter. 

This appears from the duration of tb« ediplies of tbci 

same satellite, when compared with one another. 

Thfi 
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' *tbe table cS their indinatioiis will be aftcrwardi 
giVAl. 

187. The first satellite has been found, from 
' observation, to have an inequality, which, mea- 
sured by time, is S^SOH*, varying as the 'sine of 
. the satellite's d^tance from a pertain point in its 
prbit. 

Wargbntin found out this inequality from observe* 
^on. ViNCB, Aatrotp. vol. i. §421. 

] 8S. The ' second satellite is snbject to an ine- 
- quality of 16"^ 30^ in time, having its changes in- 
cluded in a period of 437 days. 

fi. The period of 437 days, is also that in which the first 
three satellites return to the same aitnatton in re- 
spect of Jupiter. 

The third satellite is subject to an inequality nearly 
of the same amount, and, circumiscribed by the sam^ 
period. . IJlus is also from the obaervations of War> 

189. The orbit of the fourth satellite is sensi- 
bly elliptical; the equation of the centre is 50' 20" 
pearly, and the .place of the higher apsis in I70O 
was 10» 39° 2a' ; the longitude of the satellite be- 
' jog 7M7* rt^2*. 

Pron 
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' f . f rqip SB^pgy we VMy coHclude, with concuulerablfl 
probability, that the orbits of all the satellites are 
either circles or ellipses. 
}■ Dr' I^^RBcgELL has obseired, that the sane satellite 
i$ more luminous at one time than another, and that 
the period of these changes, is for each satellite the 
game with the time of its revolution about Jupiter ; 
hence he has inferred, that the satellite also revolres 
on its axis, in the same time that it revolves about 
Jijpitpr. 
This is also the law ofihe Moon's rotation, §132, 

190. The beginning or end of an eclipse of a sa- 
tellite, marks the sarqe instant of absolute time to 
all tlie inhabitants of the Earth, and may there- 
fore be employed for finding the longitude, in the 
same way with an epiipse of the Moon, § 67. and 

. a- The immersion of a satellite into the shadow of Ju- 
piter, and its emersion from it, art instants more 
precise'^ defined than the beginning or end of a lu- 
nar eclipse; and thpr fore the longitude is more 
aceurately found by the former. The comparison 
may either be made between the observation and 
the TaUes ; ortbetween it and another obserfation 
made under a known meridian. 

b. The iirst satellite is the most proper to be observed, 
its motions being best known, and its edipses re- 
curring most frequently. 

Astronomera, 
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B- Attronqm^, ivh6 would compare their obscrrationi 
of these eclipses, should be iiirnuhed with tele- 
scopes very much alike in distinctness and magni- 
fying power. The greater perfection o£ the tele- 
scope will give the immersions later, and the emer- 
sions earlier. On the whole, It is best to employ, 
as Us Laubae advises, tfilescopes of moderate 
power. Abregi SAatrcn. U^ 20. g ]4i. 

A The apparent instant of immerEion or emersion, will 
also be affected by the proximity of Jupiter to the 
Earth, and by the attitude above the horieon. M. 
SaIllv has given rules for correcting the effects 
arising from all these circumstances. Bee Thearx 
it» StUeHUtSt pap M. Baillt. Also Mem. Acad. 
Itm/ak da Seiautt, 1771; and Phil. Tram, vol, 
j,xiii. I,A Landk, § 3047. ViNCK, vol. i. § 460. 



191. By observing the time required by the sa*- 
tellites to enter into the shadow, the angles which 
their diameters subtend at the centre of Jupiter 
may be computed. 

Accprding to Whistoh, the first atUellite employs 
InilO); the second, »n20«;" the third, 3^40"; 
and the fourth, 5™ 30», to ehter completely into the 
shadow, whea they enter it perpendicularly. L^ 
Lande, § 3038. From more accurate observations, 
M. Baillt computed their diameters, as seen 
^m Jupiter, die first, eCSO"; the second, 
29' 43"; 
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Syia*; the third, Z^H'; and the foorth, 
9 99r. 



192. The planets Saturn and Uranus have also 
tatellites; the ' former seveni and tbe latter six; 
which, with the Moon, make eighteen secondary 
planets in tbe solar system. 

C The fourth of the satellites of Saturn was the first 
discovered; it was- Been -bj Huyuini in 1655. 
Tbe first, second, third and fiCth) were discovered 
by Cas«ini, betw^n the years 1671 aod 16S4. 
Other two satellites, which we improperly call the 
sixth and seventh, though they are nearer to Sa- 
turn than any of the rest, were discovered by Df 
Hkrucbell in I7S9. 



193. The connection between the periodic times 
and the mean distances of the satellites of Saturn, 
is the same as in the satellites of Jupiter, and in 
the primary planets. 

a. The fifth satellite disappe&rs regularly for about oUe- 
half of the time of its revolution Found Satuni ; 
and hence Nbwton concluded, that its revolution 
OD , its axis is of the same duration with its re- 
volution round Saturn. Princip. Math. lib. iii. 
jifOp. IT. 

194. TM 
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194. The six satellites of Uranus, liav&tluir or- 
bits nearly in one plane, at right imgles to thieplans 
of the orbit of the planet. 

11. Thesp 8|itel1ites ^ere ^covered by !Dr Herschelil, 1a 
1807 and 180S. 

b- The plane in which these latellites more, passes twic« 
in the year thtnugh the Sun ; apd at tho^;^ ^inaea 
there may be eclipses, but they caimQt b^ seen up. 
I^ UraDUS be near faia oppontion. * 

£clipses of the satellites of Uranus were visible 19 
|799, and they will be risible again m 1818, 



Uing of Saturn. 

195. Saturn is surrounded by a circular ring, 
concentric with himself, which, being seen 
obliqudy^isof an oval-or elliptic form,. snd^Moc^ 
vith the same lighit as the plajaef. 

a. If we suppose the radius of Saturn, at tiis mean dis.- 
tance, to subtend an angle of -9", the interior dia- 
meter of' the ring, supposing it circular, will be 
15", and the exterior 21", leaving a void of 6" be- 
tween the planet and the ring, and the same quan- 
iity foJL' the hrea4th of the ring. Stars have beeu 
dbsene.4 
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Observeil between the nag and tlie jdantt. SmrH^a 
Opiict. De LA I/AHDB, tom. in- §* 



i. The {dane of tbe ring is in the plane of tin equator 
of SatiHn ; -it is inclined to the othit of tiie planet^ 
nearly at an angle of 30**, and remains always pa- 
rallel to itself. 

196. When Saturn is in the longitude otS'SO", 
or of 1 1* 20', tbe plane of the ring passes through 
tbe Sun, and the light then falling uptm it edge- 
wise, it is no longer visible to us. 

f. This disappearance of the ring has been often ohsei'' 
ved. La Lande, § 3364. . , 

The disappearance of the ring from this cauWj lasts 
only a few days ; for when Saturn has passed th« 
node of the ring three or four minutes^ or tbe Sun 
has risen above its plane by that quantity, the ring 
becomes risible. 

197. The riiig also disappears, when its planei 
passes through the Earth ; f«r its edge, or its 
thickness, being then directed to the eye, and be- 
ing too fine to be seen, the planet appears quite 
round. 

t. In this case, the Earth requires to be elevated abov^ 
the plane of the ring, at least half a degree before 
^e ring is teen, which makes it continue invisible 
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flRteil -or etj^t iAfs bUbre tad ktla. the piMag« 
of the £arth t]tn>mgb ijto ipbuiei 

h, tha is what happens with ordinary telescopes ; but 
witii the forty foot nflector of; I>r H]':Ji«ciieL, the 
ring does not oedie to be visible. The Doctor bdit 
the satellites a)ong the margin «f the- Uflg, llk« 
bright beads threaded on a string. 

198. There is a third cause of the disappearaoce 
<if the riiigi vit. ^e Earth being placed ch the 
side of the ring that is turned from Vhe Suit. 

Thb In'H^ ieaf '6a thAe ateoints ti^iapiptiiu- infi^fB 
tht sfatltfe ytm. 

Xja Larde, 3357i Qpiucuia of Boscovich, tran. r. 
Also Sejocb, Amuau de Satume. 

199. The ring is divided into two by a dark 
line going all round concentric with the outer and 
inner circles. 

A. This was first obserred by Casbiiii, Mim. Acfii. det 
Scieact; 1715. Short, with his twelve feet re- 
flector, observed the same } as Dr Herscbell has 
also done. 

b. To Dr Hbrmhbll, and lome other observers, it has 
appeared that there are more of these lines than 
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It •{qwan^ there&re, thftt there afe really two cod- 
centric rings, or peiiu^M mon. . 

£00. The ring rerolves on sn axis at right 
angles to its own plane nearly, in the same time 
with the planet itself, or in a little more than ten 
hours. 

This obserration we also owe to Dr HEascHELi^ 

a. The time of the revolution of the ring is <437 of 4 
day, or 10^ 29°' 17*. 

h^ It is remulCBhle, tb«t if A ntellifee at th« nmtadis- 
tance of the middle of the' ring^reTolr^ round Sa- 
turn, and obeyed the law of Kepler in respect o^ 
the other satellites, it Would revolve exactiy in 
10^29" 17*. BioT, ^W. i%s. torn. III. p. 96. 
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. S^i. A WMET is a luminous body, which, appears 
, ill .^e heav;enj oi^fy for a limited tijjie, sejjdipjji ex- 
aeding a few niPntUs i during which, hieaide the 
diurnal motioUf of which it partakes ia common 
wich'tiie other heavenly bodies, it has always a 
. motion pefcjiliai" to itself, by which it chgnges its 
place anjopg th£ fixe4 st^rs. Its app.eaFance is 
itfu^ly ^at of a colleption of vapour, in the 
centra of which i* a .nu.cleug, for the njost part, but 
indistinctly defined. 

In soioe Comets^ the pccuUsi^ liast)o6 Is progressive, 
in dtliera retrograde. In tiu same comet, the 
mpUon ii aii nearly in one plane ; but is different 
Coneti, these planes make all different an^es with 
the ecliptic. At the beginning and end of the ap- 
pearance of A Comet, it deviates from t|ie plane in 
Which the middle part of its course lies. Nbwton 
de Syaltmate li^undi, § fi9. The Comets have no 
parallax, and are therefore certainly beyond the 
limits of our atmosphere. 
•VbL.II. N 202. A 
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202> -A Comet, when it Brst appears, is usualf/ 
surrounded by a faintly luminous vapour, to which 
the name of Coma has been given. As the Co- 
met approaches the Sun, the coma becomes mora! 
bright, and at length shoots out into a long train 
of luminous transparent vapour, very muchreseni' 
bling a streamer, and in a direction opposite to 
the Sun. This forms the T(ul of the Comet. 

As the Comet retires from ttie Suij, the tail gro^i 
less, and resumes nearlj its first appearance. 
Those Comets which never come rwy near the 
SuR, have nothing but a coma or nebdesity nmnd 
tbem duripg the whole tiioe of their continuaiiee. 

The tail is always transparent, so that the stars are 
distinctly seen through it, as they are even said to 
have been in some instances throngh the ceAtitd 
part, or what was supposed the nuckss of the Co< 
met. 

' The lengA and form of the tail are very various. 
Sometimes it is only a few degrees, atotiiers itii 
more than a quadraiit. In the great Comet which 
appeared in 1680, the tail subtended an mgle of 
70° ; in that of 1618, an angle of 104°. 

The tail sometimes consists of diverging streams <rf 
' Mg^t^ that of 1744 consisted of six, all proceeding 
from the bead, and aB a little bent in the same di- 
rection. 
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^1^ Comet <^ 1611 Was remarkable for its beauty. 

- The tait was composed of two direrging beams of 
Rant light, sli^tly Gdlourtld, which made an angle 
from 15° to 80°, uid sometimes milch more, and 
were bent outward. The space between was com- 
paratirelj* obscut^. Abrigi d'Jst. par De Lahbrb, 
Lefon21.§67. 

SOEti A Oomet remains so shot! a time in sight, 
and describes so small a part of its Course Within 
(Siiir view, that, from observation alone, without 
t&e assistance oF hypothesis, we should not be able 
to determine tbe nature of its path. The hypo- 
thecs ntofit ctMlfocmable to analogy is; that the 
Gomet tnovfes in ah ellipsis roUnd the Sun placed 
in one of the foci; and that the radius vector from 
the Sun to the Comef desctibes areas proportional 
tb the times. . 

As the ellipse in which a Comet move^ is evident- 
ly yery eccentric, it will coincide very nearly with 
a parabola, at its vertex, or for all the time that a 
t^omet remains in sight. 

S04. If it be supposed that the Comet describes 
an ellipsis or a parabola, in conformity to the 
laws of Keller, then from three geoctntric pla- 
.ces, known by observation^ the orbit may be de-* 
termined. 

Xfae first solution of this problem was given by NeW' 
TOir, Princip. lib. iii. prop. 41. He calls it Proble- 

N 8 ma 
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»(f fmgi di^UimufR, an4 jt qiay, ther^or^, be 
readily b^llere^, that tlie S!i^.utio.n f^ies not &U 
wit|un tile tiinits of an jelemmtar^ trealise. At 
l;be same Ume, a yeiy s{ippl^ g^oii^eti^cal problem 
is the foundation of it. 4rUfi- Unwfraalis. The 
deteriuination of %he pit>it ioiplies t|iat of \he five 
quantities, which are its element : 

1. Tbe iocUnation of the orbit. 2. The ppaitioB of 
the line of the nodes. 3. The longitude of the pe? 
rihelion. 4. The perihelion distance from the 
Sun. 5. The time when the Comet is in the pe- 
rihelion. 

NE^j^]roir*s Bolf^n b^g^ lobqsions and mdirect sp' 
prosimatum, l^e pr«Uem hu l^en «);;t«tBpted bjr 
many others. I^ Cjiille, Matron. § 775, &c. 
BoscovicH, Opera, torn. in. p. 14. &c. The Eola- 
tions of BoscovicH and La Puce are illustrated by- 
Sir R. Englbpield, in his DetermiTiaiion of the Or- 
bits of Comas, Lond. 1793. 

XiA LAyoB has given a mechanical construction, that 
nn^es for finding the orlHt nearly, § 3IS7. ; it is 
followed by ViNCE, § 653. Lambekt has demon- 
strated some remarkable properties of the orbits of 
■ ■ Comets, in a work entiHed Insi^iores Orbka Co- 
metarum proprietatea, Aug. Vind. I7f»li Svo. See 
also. La GH4i(,a£»^4^^r de Berlin, L763. 

" The most perfect solution of all is supposed to be that 
of La Place, Meckanique Cehate. 
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The latest, abd . in practice one dt the best, is 
that of De Imubbe, Jhr^ d'Mtron. Le^m 21. 

,..■ §2*. 

205. The only Comet which is known with ab- 
solute certainty to have returned, is that of 1682, 
\shich, cooformably to the prediction of Dr Hal- 
£IT, appeared in 1759. 

. Dr Hallet was led to this prediction by ohserring, 
that a Comet had appeared in 1607, and another 
in 1531, and that the elements of their orbits, 
wheff ci^clilatad {torn the obBerrations made on 
them, agreeA newly with those of the Comet of 
1682, the period^beuig between seventy-five and 
seventy-six years. 

Though there pan b^ no doubt that, thcfe four Co- 
mets were the same, they were coqwle^ly unlike 
ip appearance. The Comet of 1A31 was of a 
bright gold colour ; Uiat of IQO? dark and Uvid ; 
in 1682 it wai bright; in 1T59 it y/aa obscure. 
PiNOHE', Comtographie, tom. ii. p. tS9i 

The return of some of the other Comets is probable, 
though not certaTtt. 

The great Comet of 1680, wag supposed by Dr Hai.- 
LET to have a period of S75 years, and to be the 
same which had appeared a little before the death 
of Julius Casar, in the year 44 A. C. ; again, in 
the reign of Justinian, in the year 531 F. C. ; and 
N3 in 
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in 1106, in the reign of Heitrt I, At all thesd 
periods, appearances of a great and terrible Co- 
met are recorded, but no such obserrations aq 
can ascertain the identity of the eUnunta, Synop-^ 
sis Astronomitt CametUa^ subjoined to Hallzt") 
Mtronomicpt Tailes. 



, 206. The Comet of 1680, mentioned above, is 
remarkable for having approached nearer to the 
3un than ajiy other that is known. At its peri- 
helion, its distance from the Sun was only yy^th 
part of the Earth's. It descended to the Sun with 
great velocity, and almost perpendicularly, and 
ascended in the same manner, remaining in sight 
for four months. 

When this Comet was in the perihelion, the diame- 
ter of the Sun must bare Eobtended an angle of 
more than 112 degrees. See many interes^g 
particulars with respect to It, jprmc^. torn. in. 
prop. 41 . at the end. 

The pbenotnena of (he tails of Comets, shew the ce- 
lestial spaces to be void of resistance. 

Some Comets hare come very near th^ Earth. The 
Comet of 1473, is said by Reiiioiioiitanui to have 
mored over an arch of 180 degrees in «ne d«j. 
The Comet 1?60, moved over an arch of 41 de- 
grees in the same space of time. As neither of 
|:hem could probably have described is its orbit 
qoore 



DiailizodbvGoOglc 



ASTRONOMy. : 109 

(bore than an arch of a few degrees, Uiese extraor- 
dinary apparent changes of place can only harp 
proceeded from vipnity to t^e Earth. 

SD7. It appears that Comets contain very little 
matter, and have bqt a very fpeble action on other 
bodies. 

In the year 1454, a Comet is said to hare ecKpsed thtf 
Moon ; bo that it must have been very near to 
the Earth; yet it produced no sensible effects. 
The Comets just mentioned produced none. A 
Comet in 1770, came very near to the satellites of 
Jupiter, but produced no derangement in the sys- 
tep. 



208. The number of Comets observed and re- 
corded, with more or less accuracy, exceeds 
350. 

Pin orb', who wrote in 1763, enumerates 3S4; and 
32 are now to be added. 

Of these, not so many as a third have been observed 
with such accuracy, as to allow the elements of 
their orbits to be ascert^ued. The elements of 9S 
have been computed, going back as far as 637, 
and coating down ' to the Comet of 1807. See 
. Ferouson's Astrommy, (BnEwsTER''3 edit-), vol. ii. 
p. 360. 
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Spct.XU. 



OFTHE ABERRATION OF LIGHT, AND THE IfPTA" 
TI6n OF THE pArfta'a-AXTS. - 



Ahetr^tim t>f tighi- 

Sb9. If a ray (>f Light, coming in a straight Udc, 
and with 4 given velocity, pass through a tube, 
also ippviqg '\n a straight iine^.with a given .velo- 
city, and remainipg ,i«FaUel tp it$e|f ; ., the path of 
the ray, relatively to the tube, js the diagonal pf a 
parallebgr^m, the sides of which are proportional 
^to the velocities of the Light, ^nd of the tube, and 
in the s^me straight lines, one of the velocities 
only, 4)eing estiOTate4 in ^direction opposite to its 
own. 

Thb b evident from the composition of motion. 

W« may concave what is hene supposed, to be actu- 
ally liie case, with a ray of light coming from a 
fixed star, and passing through a teliesct^^ or a 
tube, furnished with plain sights; the tube haring 
the same mtition with the earth in \\a orbit,~whi^) 
for a short time, may be regarded as retitSibeal and 
uDiform. The path of the fay in the tube, >• 
therefore 
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tbtlrefiire tu>t tiir^oted to thp point from ithldi tha 
ray com^s, and th« line of aitliiMtion (the line in 
tbe tulw along whicli the object js viewed) must 
be inclined, so as to have the direction of the jtati) 
of the Tttf, Of of the di^qal just ineiitibnail. ' 

The angle thui conttuned between tfUs ^e drawn tq 
the object, and the line of the tube in which thfi 
object is' sepn, is (failed tbe Aitrralwn^ 

810, When the motion of the tube, or of the 
earth, is perpendicular to the motion of the ray, 
the aberration is a maaimttm, and is measured hj 
the arch which the earth describes in its orbit, in 
the time which light takes to come to it from tbe 
■ son. 

|n 8' 13", fight mores over the radius of the earth't 
orbit ; and, in the same time, the earth moves over 
an arch of 2(f '.232, which ia therefwe the mart- 
fntim of the aberration t^ and thltf is' found \fj obser- 
ration to b? accurately true. 

SI I. Every star appears to describe ah ellipsiB in 
the BeaTens', oF which' the true plaCe of the. star 
is the-cihtfe; the semifransversB zsli, 20*.232, 
in the direction of a tangent to the parallel of 
latitude of the star; and the semiconjugate axis, 
ttO'.S^S « sin Lat. of the star. 
SiHPson's Etsa^s, 1T40, p. I. Stc. 

If 
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t( iht star ia in tbe pok of tbt ccl^tic, it ^eribet i| 
ciircle, with the rsdhis 20".SdS, having the pole for 
its centre. 

|f tbe-star is in the ecliptic, it describesB ^trwglit 
line in that plane, and extending 20".2Si on each 
side of ths itar. 

The purposes of practical astronomy require, tbaf 
the change made by the aberration on the longi* 
tude and latitude, and on the right ascension ant) 
declination of a star, should be computed. 

§1?. If L be the longitude of tbe sun at any 
time, and L' the longitude of a star, the aberti(- 
tion of the star in longitude is 

— 20".232 X COS (L' — L) . 
"^ ' cos Lat. ' 

and the aberration iR latitude is 

• sC.Baa X sin (L' — L) sin Lat. 

These formulas were first given by CihUraut. Mim 
Acad, it Scitn. 17S7. 

See also Caqitoli, Trig. § IBSS. La Lindk, § S823. 
and De Lahbre, Ait. /tfmi. 19. § SO, SI. &c 



21 3. If A be the right ascension, and D the de- 
clination of a star, L being the sun's longitude, as 
before, 
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before, the aberration of the star in right ascen- 
sion is 

19".I7xcos(A — L)— fr.SSxcosCA+L) 

and the aberration in declination is, 
«nD (Iff'.n sin (A-L)-a'.83Bin (A+L)-8"coiL x?osD) , 

Cagitoli, t^. 

De Lui&rk, ibid. 

From these four formulas, ill the effects of aberra- 
tion ma^ be computed. Tables have been con- 
structed for facilitating the calculations. Vince, 
Jit. vol. I. § dl3. & 523. 

r^ie discovery of the aberration was made by Br 
Bradlbt in 1725, froin observation alone. He 
has given an account of it, in a letter to Dr Hal> 
I.BT, Phil. Tram. N° 406. A very full extract of 
this letter is in Vince's Jttnm, vol. i. § 503. Af- 
ter gbservation bad satisfied him of the changes 
above stated, in the latitudes of different stars ; be 
discovered the cause to be the motion of light, 
f»imbined with the motion of the earth, a^ above 
explained. 

^14. From the phenomena of the aberration, 
the motion of the earth in its orbit is more direct- ■ 
ly proyed than from any .other fact ip astroijomy. 

Though 
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TBoDgh it is proved to demonstration, from facU 
above enuroerated, that the Earth is far from being 
the centre of the planetaiy motions, jel sll the ap- 
peftnmces hitherto mentioned, are consistent with 
what is cftl]ed the Ttchonic System of the heavetig, 
(from it« inrentor TychO Brahe'), in which the 
. . sDii, accoD^ttAiied bjr liiC plaflets, revolnek in an or- 
bit round the Earth. This system, which its want 
of simplicitjr renders suspected, is entirdj over- 
turned by the fact of the aberration, and the mo- 
tion of the Earth completely estabEshed. 

When the aberration was iirst discorerei], it was 
thought that the velocitjr of light, as inferred from 
the ecKpsesof the satellites of Jupit^, did not per- 
fectly^ agree with it. It has, however, been found, 
from more 4ccurate compOMonaf that they per- 
fectly cmncide. 

215- Ji appears, that the light of the heavenly 
Iwdies traverses the spaces between them and tb« 
earth with the same uniform velocity. 

The I'eflected light frotoi' the satellites, travels with 
^€ same velocity with the dii'ect light of the fixed 
■tars ; and the velocity of this last it the ataOs from 
whatever distance it comes. 

There is reason to think, that light is accelerated by 
the action of transparent bodies. If so, these bo- 
dies also impart to light a velocity in the direction 
of the earth's motion, and proportional to the in- 
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itheir iuAion 4oe3 oot chaii^ tfa^ qnuit^ of the 
flb(sT«ti«o. , ' 



jB ^^f^ 8taj-, Of pf an impiPV^e jbady. In the 
pl«xt«ts» tbarp h Wotibex soubk of abeipitfion, ia 
the motffin'Of fi^ planet itself^ egua) tt>' the Varia- 
tion of its gecjcentric' place, iii the"l^tne tbat light 
takes to move IVom the plah^i to'tTie feaith." ' 

^l^tp, i^ t^ qompvte fk^ plAce iof .the pUoti for an 

' w^^t^n^ pr^ediiPg the given tndt^nt, l^ ihe time 

tjhat l^ht t^kj^ to iwve fix^ the pliuaet to the 

eiftfe. This WM tjfp fia^hod w«d by Dsr IfAskE- 

No atteption bos been paid here to the velocity wfaicl^ 
places «n the Earth^s surface derive from the mo- 
tion of the Earth on its axis. This is tpo aueM to 
■' produce a sensible effect, aa is shewn hj Df 
1.A1IBRE, Jstrmii Ltftm 19. § 23. 

•■ ■ * ' ' Nutatiim oft^ Eartk'f AxU. 

217> A small inequality, which ha9f>becii (jbserr 
*ed in tl)e precession gf the equinoxes, and in the 
mean obliquity of the ecliptic, is known hy the 
iiaijie of the Mutation. , 
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^rUs me^ulity-, JtbHH oflTeCte all the htwretAy btf' 
dic!^ «is dUMvered fay Dr Bradlit, 'while em-^ 
ployed in verifying bis theory af the aberrtt- 
tioo. 

frhe period of the ctishges of this ineqiiaHty #bs ob- 
•erred to be nghteen ye&rr neKrly, tiie same witb 
the period of the retolution of the Moota's nodes ; 
and itwtn mob found, that the qoanttty of the in« 
eqiulity-d^>^itdedonth«plac«pfthenode. Certain 
theoretical considerations thus led to the discovery 
of the precise form which this inequality assumes, 

' when analytically ^pressed, afid reduced into a 
fomiuta. It is not certain that cibservation alone^ 
would hate led to this Conclusion ; but there is no 
doobt'tltat'tlfe places of the heavenly bodies^ when 
coFrected'by means df it, agcte much better witb 
observation, than' when the correction is Hot ap- 
plied^ 1 : 

Sl8. The phenomena of the nutation may btf 
tepresented by supposing, that while a pointy 
iphich may be considered as defining the meaij 
place of the pole of the equator, describes a circle 
in the heavens, round the pole ef the ecliptic, at a 
distance from it equal to the mean obliquity of 
the ecliptic, and with a retrograde motion of 50* 
annually ; another point, representing the actual 
pole of the equator, moves round the former at the 
distance of 9'', so as to be always 90' more eastef- 

It 
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tyr. &jp tl(e Mooa's ascending no4i& ^ Tbc iatijua- 
lity thm produced in the precession of the equi- 
noxes, and ia tbe obliquity of tbe ectiptici will 
exactly agree with the appearances as observed. 

■ It Was by this ctrtBtniction, tliat Dr BHADtEV i-epre- 
■ented tbe kTegnlarities he had observed. 

From the oscillatory motiuu thus ascribed to the pole 
of tbe equator, or to the alis of the Earth, the 
name of nutation is derived. ' 

219. If ■ N be the' longitude of the moon's as- 
cending node -^9".6 cos N, is the variation in the 
Obliquity of the ecliptic produced by the nutation, 
and — 17' 946 sin N, is the variation in the pre- 
cession, or in the equinoctial point?. 

The hist of these equations affects the Itmgitude of all 
the heavenly bodies equally. 

De Laubke, JbrSgi tCAst. ieeon xt. § 16. 



J220. If A be the right ascension of a star, 
and D its declination, the nutaticm in right ascen- 
sion is 

tan (D — 8.373 cos (A — N) — l".g27 cos (A + N)\ ; 
and the nuratinn in declination is 

+ r.S73 sin (A — N) +■ r.337 sin (A + N) . 

The 
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' ^C effect on <he decUnatioii, therrfore, dees not iii* 
jvolve the declination itaelf, and is the afimt for all 
■tan btriag the same right uaRBiani 

SSI- l^ic ine<]uatijties here .qc^i^i^red, 4<^ P°^ 
affect the position .of \iip 9(9^8 relativi^j ti> one 
another, nor to the plane or pole of the ecliptjc ; 
they affect their positjoti only rektively to the 
plane of the equator, or to the position of the 
Earth's axis. 

It was from this ge&eral fact, c^ml^ed ffith the re- 
lation observed between tfae«e inequalities, and the' 
motion of the mooa^s nodes, that Biudlbt was led 
to the constniction given alwve. In separating 
between the inequalities belonging to the natation, 
and those depending on the aberration, (which ob- 
servation always pifarated ^a combi^f^ b^etlrer)^ 
be has displayed great acutenes^ and sag^ty. 

See WoODHOtriE, Attrmu cbap!. 17. 
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DIHENBION8 OF THE SOLAR STSTEU. 



riiTBBRTo, tbe distmce of the SUb flrinn tii« Etfth 
has served as tbe unit, by wbich we have measured 
•11 other distances in the planetary ajttem. It now 
remains, (in order to have a precise idea of those 
distoQces), to compare this unit with the diameter 
of the Earth, and of consequence with tbe known 
measures in ^hicb that diameter has already been 
expressed. This depends on tbe parallax of the 
Sun, which has already been shewn to be less than 
IVf and, on account of its smallness, difficult to be 
ascertwned. The method which first presents it- 
self, does not lead to any thing more precise than 
the limit just mentioned. 

S3S. Since the ratios of the distances of the pla~ 
nets from the Sun, to the distance of tbe £arth 
from the Sun, are known, if the parallax of any 
of the planets were discovered, that of the Stm 
would, of consequence, become known. 

Thifl foDowa, reedilj, fi^m tbe laws «f tlte plHwtai; 
mqtioni. 

yn.ll. Man, 
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' ; MiUFSi wliKi ia oppositioD to the Snn, is nearer the 
£arth ibsn itay other of the luperior pUnets, and 
' ' bis pBrsUw of ctHueqnence is the greatest From 
-" the opposition o£ October 17fil, above referred to, 
-and o^i^ved by La Caulb, at the Cape, the pa- 
f ,fjdU)C;of M&rs was determined to be 24".6; and 
rlWft^taDce from the Earth 3371 semidi&me- 
( i^esa of the latter. But, Irom the plaqe of Mars 
in his orbit, bis distance from the Earfli at that 
time was .4354 of the parts of which, tbe > Sun's 
diBtance from the Earth is 1 ; so that the parallax 
■ of the San is equal to that of Mora, multiplied b^ 
the above decimal, and is therefore VH'.dQ ; and 
tfaenfore Uie ^stance 0!* the Sun is 19326 semi- 
diameters of th« Earth- . ' • 

This, however, cannot, any piore than the former 
determination, be considered In aaj other light 
than as a limit, which the Sun's distance probably 
exceeds. 



S23. The planet Venus, atthe inferior conjunc- 
tion, apgroachts nearer to the Earth than Mars 
does in opposition i and, therefore, if Venus (an 
then be observed, which she may be when she 
passes over the disk of the Sun, that observation 
%ill afford the best means of ascertaining the 
Shd's parallaxt 
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Thia was first remarked bj Dr Hallet, and 
since that time, two transits of Venns orer the 
Sun have happened, which astronemera have taken 
the greatest pains to observe with accoracj-. The 
l^neral prindple which connects tins method 
of finding the parallax with the tnore elementaiy 
methods already explained^ is all that cm lit givai 
here. The details of the calculations murt be left 
to the Treatise* and JfmotrM which treat of them 
particularly. ' 

SS4. Let S be the Sun (fig. 21.) and E the 
Earth, both supposed at rest, while Venus at V 
moves westward in her orbit, with the sum of her 
own angular velocity and that of the Sun.. Let 
O and Cy be the stations of two observers oii'the 
Gur^e of the Earth, who see the -transit begin 
when Venus is at the points V and V o£ her orbit. 
Ifthe difference of the longitude of the twoobser- 
vel^ is known, the time that Venus has taken to 
move over the arqh Wis also known, and there- 
fore, from the motion of Venus in her orbit, the 
arch W is given, or the angle which tlie line 00 
subtends at the distance of the Sun. But OO itself 
is given, and its ratio to the radius of the earth ; 
therefore the angle which that radius siibtVnds at 
the Sun, or the horizontal parallax of the Sun, is 
given. 

Thb 
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This construction suppose) the obaerrers O and O* to 
be either exactly, or nearly in the plane of the or- 
bit of Venus, but it may be extended to cases iu 
which that condition does not take place. It re- 
quires, too, that the longitude of the places of obser- 
vation should be accurately known. To avoid 
the' hecessity of this determination, the' durations 
of the transit, as seen from different stations, hare 
been preferred, for ascertaining the parallax. If 
we suppose observers, situated in respect of one 
another, so that the line which Venus is seen to de- 
scribe on the San^s disk, ig longer at the one sta- 
tion than the others the duration of the transit 
will be proportionally greater, and the diiference 
will evidently depend on the distance of the obser- 
vers from one another, estimated in tb^ direction 
perpendicular to the lines which Venus traces out 
on the surface of the Sun. The difTerences of du- 
ration, therefore, depend on the parallax of the 
Sun, or on a Junction of it ; and therefore when 
that function is known, the parallax may be infer- 
red, from the comparison of the durations of the 
transit. See Wpod^ioose, Mtnm. p. 378. (tc. 

The transit of 1769, was observed at Wardhus * 
the North Cape, and also at Otabeit^ in the South 
Sea, and was found to he longer at the former than 
at the Utter by SS'.IO". The difference, suppo- 
sing the parallax to have been 8".^ should have 
amounted to 23'.2G"M ; and hence the par^lax is 
Reduced, = 8".78. Vince, ^*(. i, §632. Dr Mas- 

KKLTKl'S 
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ketTiis*i method of calculating the parallax from 
the duration of the traarit, ia there girai. 

Bee bLw on thia mmect. La Lamde, Att. rtA. ii. 
lir. XI. 



225. From a mean of the obserrations of the 
transit of 17^9, taking it as calculated by Short, 
£uLER, 8m:. the parallax Of the Sun, for his mean 
distance, has been found to be 8'.73 i and the 
mean distance, therefore, = 23659 lemidiametera 
of the Earth, or 93595000 miles. 

ViKCE, Mt. TOl. I. § fl2d. 

Thus the scale is determined according to irhich the 
distances of the planets have been already set 
down, § 113. 



OS Sect. 
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Ol' THE ANNUAL PAHALLAX AND DISTANCE OT 
THE riXED STAftS. 



S26. Xhe fixed stars, as has been alnady shewn, 
have no parallas with ■ respect to thiji £%rth, or 
an; line that can be measured on its surface ; and 
their distance is so great, that it is ;et doubtful 
whether they have any parallax^ even with re- 
spect to the orbit of the Earth round the Sun. 

A fixed star not only occupies exactly the same phce 
in the heavens, from whatever point of the Earth's 
surface it is observed, bat it does so within a quan- 
tity so small as to be hardly measurable, even 
when viewed from opposite extremities oT a dia- 
meter ot the Earth's orbit. 

On the suppoiition that the star does change its situa- 
tion, when so viewed, the angle which measures that 
change is called the AnnwU Parallax of the Star. 



2S7. If 
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^7. t£ a ^ed star bad an annnal paraUax that 
Was sensible, it would appear to describe an ellip- 
sis, of which the greater semiaxis was equal to 
that pai^las, aod the semicopjugate eqU?l to the 
same, multiplied into the sine of the latitode of 
the star. 

The Centre ot this ellipse irould be the place of the 
star, seen from the Sun ; the conjugate would have 
the direction of a circle of latiti}d^ possuDg through 
the star and Ue polie of the ecUptic 

328. If !• be the longttiide, and a the latHade of 
a star, of which the annual parallax, when a ma- 
ximam, is p ; then, if the longitude of the Sun 
is S^ the parallax of the star, in latitude, will bs 

— p sin X cos (L — S) J 
and its parallax in longitude 
^£-sin(L — S). 

cos A ^ , 

Dx tMtant, Ahrigi, tcfon 19. g 29. 

The effects of aberration and of psndlftx, are both tit: 
make the fixed stars deaeribe ellipses, but quite 
different, in magnitide aad pa ri ti o ir. BffscovicH, 
howerer, has demonstrated, that ft fixed star, 
Under the influeitCc of both these enises, wiU still 
appear to describe an ellipsis about its true place. 
4 Ditterlalio 
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ZKuertatia it trnrntu Jixantm aberratiombut. Bo* 
mc» 1742. La Lakde, A»l. § 3857. 



229. ' When two stars appear very near to cme 
uiocher, or when their distance subtends a very 
small angle, the variations in that angle, at oppo- 
site seasons of the year, may serve to determine 
the parallax of the fixed stars. 

Tliis method of ast^ttaining fbft distatlce of the fixed 
Btora, seems to bare been first t&ougfat ofby Gau* 
LEO, Sytt. Cm, Dial. S. Dr Herschell has also 
recommeDded It; and the double stars which be has 
discovered, as well as the Lamp MicrvmeUr which 
he has iDTented, gire hopes that it may prove sue- 
eessful. 



S30. From the consideration of the quantity of 
the light of the fixed stars, compared with the quan- 
tity of the light of the Sun, it has been concluded, 
that the parallax of a star of the second magni- 
tude, isr not more than .^ of a second ; and of a star 
of the sixth magnitude, not more than ~ or -^ 
of that quantity. 

^he vtry ingenioiiB pspeT in which these ooachisioiw 
aye deduced, is by the Reverend Mr Mitchul' 
rkil. Trtau. voL Ivii. p. 234, &c. 

S31. Tbtf 
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SSI, The attempts of astronomers to "discover 
the annual parallax of the fixed stars by direct 
obserration, hare not yet been perfectly soccess- 
ful ; and it is therefore probable^ chat tbe't^uadti- 
ty sought for does not exceed one second. 

Dr Brihclt is of opblon, that be has ascertained the 
annual parallax of » I^te to be 2f.&2. Phil. 
Tram. 1810, p. 204. 

The attempts to discorer the parallax, hare chiefly 
been made on smaller stars, which, being proba- 
bly more distant than ■ I^frte, thrir parallax has 
been too small for observation. The observation 
of Dr BmkclV is of great authority, but while 
single, cannot be considered as perfectly decisive. 

If we suppose the annual parallax not to exceed 1", 
the distance of the fixed stars cannot be-less than 
206S65 times the radius of the EartVs orbit. Aa 
Ught traverses the latter in 8'. 13", it will require 
3 years and 79 days to come from a fixed star to 
the Earth. 

This may be supposed true for stars of the second 
magnitude, even if those of the first have a:paMl- 
lax of two seconds. 

Though this distance is immense, it is probably small 

compared to that of the most remote of the bodies 

which 
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which we see in the heavens. Aa it cannot in* 
doubted, that the fixed stars are lumlaoiU bodies 
Wee the Sun, it is probable tliat they are not near' 
er to one another Oian the Sun Is to the nearest iif 
them. Whea,~ therefore, two stars appear like a 
double star, of very near to one aUother, the one 
tnust be placed far behind the other, but iieaitly in 
the same stra%kt liie^ whm seen from the Earth. 
T^e same must hold at kast in « cwt^n de- 
gree wherever a great number of stars are seen 
concentrated in a smaU spot. In the stany nebu- 
ke, therefore, such as the MUky Way-j iriueh de^ 
tire their Ught from the imraber of small stars, af^ 
pearwg as if in contact with one another, it is 
pkifl, that the most tfistant of these must be many 
thousand times farther off thatf the nearest, and 
light must, of course^ require many thousand yean 
to come from tfaem to the Earth. The poet, pa** 
haps, has been taXed with exaggeration, who 
spoke of 

" Fields of radiance, whose ao&ding light 

" Has tr&Telled the profound six thousand ytats, 

" Nor yet arrived in sight rf mcnrtal tilings." 

Yet the fields wliich he desqribes, are far withiff 
the circle to. which the abservatioiu of the aatrono' 
mer extend ! 
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APPENDIX. 

ox THE iMtTHOD OF DETESUININO BT OBSERVA' 
TlOlt, THE COHSTAKT COEFFICIENTS IN AN AS- 
BUMEto OR GIVEN FUNCTION OF A YARIABLE 
QUANTITY. 

Obserradon nukes knotrn the places of the beaVmljr 
bodies on\j fbr instants, septtrated from oae ani^ 
■t{ier bf- certais istCFvals of time ; but the purposes 
9f tcieaoe require, that tbejr sbauU be ddxnnined 
for sb; time wbatever, or for ever^ toslaot^ Tliis 
is ren(iere4 pr4cticable bj tbe consideration, that the 
magnilude which determines the place of any b9- 
dy, its longitude or latitude for example, is a va- 
riable quantity, between whkh and tbe time (a va 
riable quantity also) a certain relation continues al- 
ways the same. This r^titm maj therefore be 
expressed by an cquatidn, whkb, for every ralue 
of one of the variable quantities, will give the cor- 
responding value of the other ; so that the one of 
them may be assigned in terms of the other, or io 
vrhat is called a Function of it. The form of this 
function is sometimes known from theory or ana- 
logy, and at other times it is wholly unknown. In 
the 
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the latter case> we must aasume the simplest flUi^ 
tion th&t can repreuBt the observations, and this 
naturally consists of a seiies of terms, proceeding 
feccording to the powers of one of the rariable 
quantises, with coefficients which are constant, bat 
unknown quantities, to be found from the obsor^ 
tions. Tfau is called the method of InterpvUUiMj 
because it inserts a term in the midst of a num- 
ber of others. 

S33. If X and y are two variaUe quantities, of 
which several values have been determined fiom 
observation ; if ^ be assumed equal to a series of 
the powers of x, beginning from 0, and going on 
to as manj terms as there are observations, vix. 
y = A + B*+Cj" + D j\ &c.; then, if for 
■.y and x, be put their coTresponding values, as de- 
termined by observation, as many equaticms will 
arise as there are unknown coefficients A, B, C 
and D to he found, from which they will become 
known. 

The most useful interpolations are, when the^ time u 
one of the unknown quantities, and when tbe in- 
tN*va]s between the obBervations are equal, as i» 
■upposed ia what fellows : 

S33. Let a, iy s', tT, m"^, be any number itf ob- 
servations made at the times o, m, 3 m» 3 m, 4im, 
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9cc. and let the difTerences of », », a. , 8cc. be- ta- 
ken in their order, and the difiereoce of these 
differences, as on the njar- », a', «"» •"*, «*"'. 
gin, so that |3 is the first of p, ^, p", fT^ 
the first difFercDces, v of y, y, y", 
the second, t of the third, t f 
and ( of the fourth, Su:. « 

where the law of continuation is evident. 

This 18 Sir Isaac Newton's theorem, expressed slgtf. 
btsicaUy. MM. Primip. m,. m. leaaa i. 

«. If there are only two obseirations, so that tlie se- 
ries of differences joes no farther than f, then 

*=•-*• s ="— ^^^'i'aiid this is no 

other than the common role for Snding a primor. 
(ionnlpsit. . 

».If 
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h. If there are three observations, v = « — B. — -i. 
■^ m 

c. Attention most be paid to the sigoa of the differ- 
ences. The juccseding qaaotity^ ia here always lub- 
tracted from the preceding, aad therefbre if the 
former is the greater, the dif^eace will be n^ga> 
tive. On the subject of interpolation, see New- 
TOK, as above quoted. Stirling on Infinite Seriea; 
La Caille Astron. p. 69. ; Nautical Jhaanack, ex* 
planation at the end. 

Interpolations of this kind, cannot he supposed to ex- 
tend far beyond the interval within which the ob- 
servations are contained, unless it shall appear, on 
con^uing the observations, that the fbrninla ap> 
pliea to them, without requiring the. addition of 
' ' DC* terms. As long as the addition of new obser- 
vations, requires an alteration in the formula, it is 
certiun that thb true law is not discovered. 

334. Let it now be supposed, that the form of 
the function is known from theory, but that the 
Constant quantities that enter into it, are td be de- 
terinined hy ob^rvation ; required, .considering 
that every observation is liable to error, in what 

way 
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way these quantities may be most accurately de- 
tertnioed. 

There are two cases of Ibis problem, one, wben the 
constaot quaadties are yet totirely unknown, ano. 
ther, when they are already approximated, and 
only require to be farther corrected. In the fint 
case, the process is very simple. 

£35. Substitute the quantities known by obser- 
vation for y and «, in the given formula, (each 
observation being supposed to afford a value both 
of* and of ^), and thus, as many equations will 
be obtained, as there are observations. , ' If these 
exceed the number of quantities to be found, or 
of the equations wanted, let there be composed 
from the addition of them into separate sums, as 
many equations as are necessary, each consisting 
of as many of the given equations as the question 
admits of. From the equations thus obtained, the 
quantities soo^t may be determined with the 
least probability of error. 

The postidate on which this rule proceeds is, that 
though each of the given equations is incorrect, on 

■ account of the unavoidable errors of observation, 
Uiete i« nptbi(ig.tbat detwmines the ototb tolw on 
pne side more than another, or in exce» rather 
^an defect. By adding a number of them toge- 
ther> therefore, the error? may be expected, in part 
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at least, to balance ose another, bo that a more 
correct equation is obtained than any one of those 
of which it is composed. 
Suppose the general formulato be 
y = Asia X + 3 ami X, 
and that from obs^ration we have eight mlues of 
* and y, viz. 



Valuei of >. 


Vslueiof V 


140° 


TS'.S ' 


135 


80.2 


130 


87.0 


125 


94.1 


im 


99.5 


lis 


104.5 


no 


107.5 


lOS 


110.8 


Hence, 




.64S8A — 


9846 B = 73.5 


.7071 A — 1.0000 B = 80.8 


.76«0A - 


9848 B = 87.0 


.8191 A — 


9337 B = 94.1 


.8660A — 


8660 B = 99.5 


.9063 A — 


7660 B = 104.5 


.9397 A — ■ 


6428 B = 107.5 


.9660A — 


5000 B = 110.2 



By adding the first four into one, and also the ft 
four> we get 

2.9350A — a9033B = 334.8, aod 
3.6780 A — S.7748 B = 421.7 ; 
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and therefore, 



A 3.9033 X 421.7 — 2.7748 X 334.8 
~ 3.678 X a9033 — 2.935 x 2.7748 ' 

In like manner, B = 1'.2 ; so that the equation be- 
comes^ 

,y = (I " 54'.2) sin * + (1.2) sin 2 « . 

Tbb is neariy the equation of the centre in the 
Earth's orbit. 

In this Tray all the elements of any of the planetary 
orbits may be determined simuhaneoualy, or cor- 
rected if they are already nearly known. lu the 
construction of Astronomical Tables, the number of 
equations combined has amounted to many hun- 
dreds. 

In the example above, no method was to be fol- 
lowed, but that of dividing the original equations 
Into two parcels or groups, from the sums of which 
the new equations were to be deduced. But when 
it happens in the given equations, that the terms, 
involving the same , unknown quantity, have diffe- 
rent signs, the best way is to order all the equs- 
tions so that one of the unknown quantities, a> 
A, shall have the same sign throughout ; and (hen 
to add them together, for the first of the derivative 
equations. Let the same be done with B, C, &c. 
whatever be the number of the quantities sought. 
Thus, each of the unknown quantities will occur 
in one of the equations, mtli the greatest possible 

Vol. II. p ooefficiant; 
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coefficient ; and the coefficients -oS the same UQ- 
knona quantitj, in the different equations, will be- 
come hj that means as unequal as the^ pap be ren- 
dered, which contributes to make the divisor bj 
which that quantity is to b% found, as large, and it-j 
^elf of cfiurse, as accprate as the case will adnut of. 

Suppose, for e:iample, that the formula 

(121 °) sin X — (eS^.S) sin 8 x 3y, 

was reduced into a table, and that bj a compari- 
son with observation, it was required to correct tbe 
quantities 181°, and 65° .5, that is, A aod^i ac- 
cording to our former notatioil. 

Suppose also that the obserratrens were made when 
the values of * were SO", 45°, 60% 7S», 90», 105% 
130°; and that the errors in the Tables were in^ 
tbbse instances found to be -f- .318, — 334, — 083, 
+ .044, + 05, — 021, — 084. ; then, calling a and 
- b the corrections on A and B, we havf; 

.SOOa + .866 6 = -I- .318 

.707a + 1.0006=: — .334 

.866 a + .866 6 = — .083 

.966a + .5006=+. 04* 

1.000 a + = + .05 

.966a— .6006=— .021 

.866a— ,8666 = — .084. 
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TAe eqaation that results from tbii ia, 
6.971a + 1.076 S = —.299. 

Thai, orderfng all the seren originsl equations, lo 
that the terms involring b sfaall foe affirmative, we 
obttun 

2.207 b + 4.5984 = + .1 . 
^rom these, «=>— .0537, and A = + .047. 

This method of determining tha coefficients of a gi- 
ven function, or correcting tiiem from obserration, 
bj' means of what are called Equatiotu of Condition, 
was invented by Tobias Maykr of Gottingen, and 
employed in the constructieo of bis Lunar Tables. 
It has 'been much used in astronomy since his 
time, and may be introduced with great advantage 
into many experimental investigations *. 

See BiOT, AHron. Pkys. torn, ii, § 109. Also Vincb's 
Preface to the New Tables, in the 3d volume of 
his Astronomy. 

PS . ASTRO- 



* An; cqnttioD, tupreulDg the ralatiim that cMalni smoof tbe cocffi- 
^entaof iDotbar equation, U called Ka SjuaiiM ^ C«»dUb>ti thtphiwei, 
ftnrtrer, it tunsUy cooBncd to iifintitial tupUloat,' 
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PAET II. 

, PHTSICAt JBTBOJfOMY. 



Sect. I. 



DP TttE FORCES WHICH EETAIN THE PLANM6 IN 
THEIE OEBITSt 

336. If a body gravitating to a fixe4 ce'fltF/;^ 
have a proj^tile motion iinpre?^4 9" it, jn a %fi; 
not passing through the centre, i; jv^l ^ijjpye j^^i 
curve i and the straight line df^W" f^tm tjie h^-. 
dy, jp fjie centre, will da^crjhs srejis gropi^ti|QHpi- 
to the times. 

Princ^. Math. lib. i. prop. i. 

P 3 a. Conversely; 
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a. Conrersely, if a hoAj more in a carve, so that tfitf 
line drawn from it to a iized point, describe areas 
proportional to the tknes-; the hoij gravitatea to 
that point, or tei^ continually to descend to it. 

b. Tbe rdocities of a body in different point* of the 
curve which it deseribes about a oentre of force, are 
inverselj as the peipendiculaia drawn from the 
centre to the tangents at those points. 

c. By comparing this propesitioil with the first of Ekk- 
tan's laws, it follows, that the primaiy planets all 
gravitate to the Sun, and that the secondary planet* 
gravitate, each to its primary ; and thus the lows of 
Dynamics are immediately extended to the motions 
of the heavenly bodies. 

d. If the curve in which the body moves returns intd 
itself, it is called an Orbit, as in the case of the pla* 
nets ; if it does not, or if it isnot known, whether 
it does m not, tbe curve is callad a Trajtctoty, 

237. If of two bodies gravitating to the same 
centre, one descend m a stnight line, and die 
other revolve in a carve ; then, if the Velocities of 
these bodies are equal in. any one case, where they 
are equally distant from the centre, they will al-' 
ways be equal where they are equaUy distant 
from it. 

Frindp. lib. i. prqi. 40. 
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tit If, instead of descetading, the body that lias the rec • 
tiUoeal motion, ahould ascend from ^he centre^ 
while the revolving body retires fr^ia it, the same 
thing holds of their velocities' 

h When in these propositions a body is said to gravi- 
tate to a centre, or to be urged towacd it by a cen- 
tripetal foi^e, no supposition is implied rcoDceming 
> the nature of that force, or the cause from which it 
proceeds. Nothing taiife is iinderstobd, than the 
mere existence of a fact, like the tendency of bo< 
dies to 6dl at the evrdae of the Earth. 

S38. If a body descending from rest at a ^iveH 
tioint in a straight line, toward another given 
^int to wHich it gravitates, have its velocity al- 
ways proportional to the square root of its distance' 
from the first of these points, divided by the 
square root of its distance from the second, it is ur- 
ged' toward tbis last point, by a force that is in- 
versely as the squdre of its distance from that 
point. 

a. Let A, fig. 32. be the p6int (tota which the body 
falls, C the centre to which it tends, B any point 
M which the centripetd force is/, DEF li curve, 
such that the perpendiculars from' any two points 
■A and B, in the Une AC, meeting the curve, are 
iu tfie forces at those points, so that BE =/; then 
2 area ABED = o% (§ 100; vol. r.). If B fi be the 
line moTed over by the falling tody, in an indeft- 
1*4 nitely 
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nitely anull pwdoo of time« or the momentary ui" 
crement of -AB, v + 6 wQl be the rdocitj at ^ 
end of that time, and 2 A fc e D = (« + *)*. 

Now if AC = a, CB = x, Bh=x, then, since the 
square of the velodty is da , a constant quan- 



and therefore SAB£D = «> x — ^ 

For the same reason, SAfteD = «t* \;^"_;' '^ — *)• 

And therefore 2^Bbe=:m'(~-^—~) * 

or dividing ahy x — x, and rejecting the terms in- 
volving the higher powers of i, 

2f£=m* X —J , and f=^m'-K -j. 

The centripetal force/ is therefore inversely as the 

square of the distance. 

AG 
ft. If the point G bisect AC, then, ^=: 1, and 

if c be the relocitf acquired by falling -to 6, 
€*=»!* X 1, or c =m ; « Uiertfore is the veloci- 
ty 
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ty acquired hj ialling from A balf-waj'' to the 
centre C. 

p. Hence al»o, the force at G = i c' x ■?—, = — . 
ia* a 



iSg. If to a tangent of an ellipsis) a perpendi- 
cular be drawn from either focus, the distance of 
that fbcU3 from the point of contact, will be to the 
distance of the other focus from the same point, as 
the square of the perpendiculat drawn to the tan- 
gent. to the square of the semiQonjugate axis. 

0. Let P (fig. 23.) be a point in the ellipsu ADBE, AB 
the transverse, DE the conjugate axis, C the centre^ 
S and F the foci ; CrFH a tangent to the ellipsis 
in F, SG the perpendicular on it from S. Dravr 
SP, PF, and make PH peipendicular . to GP; 
Because the angles SPG, FPH, are equal, the 
triangles SFG» FPH are equiangular, aod there- 
fore 

SP : PF : J SG : PH, and 
SP : PF : SG": FH X SG. 
Biit PH X SG = CD% therefore 
SP : PF : : SG' : CD\ 

cp a(^ ' cp 

i. Hence also so* = CD* X jpp md gjj; = pj, . 



240. If 
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S40. If a body urged by a centripetal force, di- 
I'ected to a fixed point, describe an cQi'psis of 
which that point is a focus, the centripetal force 
must be inversely as the square of the distance. 

Suppose a body falling in a straight line to the foou 
F, (fig. 24.) to have at A the sitme Tel6<£ty that the 
body revolving in the eO^ius biu at A. Lat F bt^aay 
itiher positioD of the rerolving body, and with the 
radius SP let an arch of a drcle be described, meet> 
uig AB in L ; the velocity of the falling body at 
L, and of the revolving body at F, wiD be equal. 
If, then, the velM:ity of the rfe«olviiig body at the 
mean distance, or at the point D, be called c^ and 
its velocity at P be e, t. : c r : CD : S6, (§ 236, 4.), 

c.CD . , c*.CD' , PP 

or »=-SG-. «'*»V=~l(?-=*^>«g^' 

(§ 239, fl.5 

Now V is th6 velocity of the falling body at L, as 
well as of the revolving body at P ; therefore if 
LN be taken equal to FP, the Telocity of the fall- 
ing body at L ia =: < — '^f-r- . But because SL is 

«qual to SP, and lAi to PF, SN =: SP + PF = AB, 

io that the point N is given. The eoltripetat 

fiirc^ 
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. liircfl atL U tberi^ore a^ gj-j, §238. that it, 
as ~t. Q.E.D. 

841. The forces, therefore, which make the pla- 
hets desdiibe ellipses havuig the San in their com- 
Woh fbcUs, are inversely as the squares of the flis^ 
tances from the centre of the Sun. 

a. As the same reaaeDtng that is here applied to the el' 
lipse, might be applied to the hyperbola or the 
parabola, therefore the force tending to one of thef 
loci, which is requisite to make a body describe a 
conic secUcHi, is inrersely as the square of the 
distance. 

bj The converse of tdis is true, viz. that if' the centri- 
petal force be inversely as the square of the distance, 
the body will describe a conic sectJioD. 

c. The line NS, ("fig. 34.) through which a body falling, 
toward S will have, at a given distance from S, the 
same velocity that the revolving body has at that dis- 
tonce, is equal to the transverse axb of the eli^- 
sis ; and the velocity of the revolving body at D, its 
mean distance, is equal to that which is acquired by 
falling from N to E, Uie middle point betwerai N and 
S. If S:^ or KS = a, the velocity at E is that which 
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was called c in §338. a, and if 4 is a given distance 
from S, at which the centripetal force isf, c is eqful 

to -^ . This is easily dflrived from § 838j 



S4S. If bodies describe different' ellipses about ^ 
centre to which the;f are urged, by centripetal 
forces that are in the inverse ratip of the squares of 
the distances, the squares of the times of revolutioa 
Tfill be as the cubes of the mean dittances. 



The Telocity c, at the mCeu distance a, is "^ , ' , and 



"i- 



therefore the sector described in a seoosd by the 
radius vectori i^hen the body is at its mean dis- 






s- T- ~j » and as oft as this is con- 

tained in the whole elliptic ares, of so many seconds 
does the time of the revolutiori consist. Now the 
area of the ellipsis of which a is the semitriinsym'se, 
and b the semiconjugate, is Ta(; therefore the 

time of rewlntiwj =;ir«J >i 7 = 7-. 

Ifj 
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If, therefore, t and t' be tbe times of tbe revolu^ 
Uon of two bodies, 

( : f : : a ' : tf ^ or 

t* : (^: : a' : a' ' . 

The diird aad lait of tbe laws of Kbple^) is thus de- 

• :rired froAi the action of a centripetal force, obey' 

ing the law already shewn to be cooformable to the 

other tiro, that is, hpag inversely as the sqaare^ 

of the distances. 

343. Suppose a body to gravitate to a centre, as 
ia the preceding proposition, and to be projected 
from a given point, with a given velocity, in a di- 
rection perpendicular to the Hne drawn to the 
centre J required to find the Conic Section which 
it wiU describe. 

«, Let the semitransvHse oc the mean distance — a ; 
the semiconjugate = b ; the velocity at the meaq 
distance n c ; rad at the apsis A, (fig. 34.) frpm 
which the projection is made, =: v ; let the line SA 

]Prom(§2S6,6.)6c = ri); now, c^-^ ; therefore 

hd/^ =t4^ Vt M i*(P/=a»*r'; and because 

"■■>•=: 
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i* = ASxSB = r (2a— r), 
r(9a — r)J*/=aij»r% and 
rd^f 
2 d^j — t)' r 

Thus the semitnnsvme axis is found, and fhim Hy 
with the fbcaa S, and the apna A, the conic section 
may be described. 

b. The conic section will be a circle, when a = r, or 

when d}f=v'r, or »'= — /. If » is such that 

a<P/=ro'r, ort>*= -— ^, the denominator is 0, 

and the value of a becomes infinite, so that the tra- 
jectory is a parabola, of which the focus is *, and 
the parameter 4 r. . 

c. When 2 iy > k* r, the value of a is afSrmatiye, and 
the conic section is an ellipsis ; and this ellipsis has 

its higher apsis at A, if o^ < ^j but when o' it 

between the' limits of — / and ^^, the Iowa 

apsis is at A. 

^. When V goes beyond this latter limit, or when 
«*r> 2d^f, the value of a ia negatiFj^ and the 
trajectory becomes a hyperbola. 

244. From 
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244. From the fact that action is always ac- 
companied by reaction, w« conclude that gravita- 
tion among terrestrial bodies is' the mutual tendeo- 
ey of the partkks (^matter to one aAother. It is 
tberefbre reasonable from analogy to suppose, that 
^is is true in all cases, and that the force of gra- 
vitation toward difier^t bodies, .the distances be- 
ing the saHfe, is proportional to the quantities of 
ipatter, or the masses of. the bodies. If the mass 
of a body be called m, the gravitation to it at 

any distance 4- will be 2. 

J?' ■ - 

Hence, in the formulas above, m may be inaerted 
instead of <P/. 



845. The quantities of matter in any two pri- 
mary planets, are directly as the cubes of the 
mean distances at which their satellites revolve, 
and inversely as the squares of tfaeir periodic 
^mes. 

a. This is proved by substituting m' for d/', in Ui» 



fimniila f s: — — r ; we liave l^eaee 

. -4 



i\ 
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frtnn'whicb the pi^j^iitW al»?e fi^wi rwi- 

p. "By means of this theoreoi, the mess of the Stto, and 
of any of the Planets which have satellites, may 
,. ^b* (whjpatEd with tbeins9s-QfrtheE*th: , ; 

f. In the if fca^i^ue Celeste,' ihey sskc&tt^teS from 
t\it xaosi'extuit diltaf, feilJeldw:'- ''' '■''''' ' "' ' 

, Qitaptity of toat^ in the ^Uii;; nf^ ,tT» 



AA<th»riitii»ofaieDi«met<ir>' of tkpp.net! lire 
known thini obgerration, th^ratlos of tlieir Bulks, 
■ being On aamenith those of the cnbei of their dia- 
meters, are also knmrQ; sodhence the Densities, 
nhieh aU gmportioMl to' the quantiBra of matter, 
dimdedb; the bulks, are finmd, 

, \„ , ■,,.-.- Density 
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t>ensityoftheSuli, 


= 1 


Of the Earth, 


= 3.9393 


of Jupiter, 


= 0.8601 


ofSituni, 


= 0.4951 


of UranilSi , 


= 1.1376 



246. The immoveable point to which the pla- 
hets gravitate, is not the centre of the Sun, but 
Ihe centre of gravity of the solar system. 

f'roin the equality of action and reaction, the gravi- 
tatioD of the plabets to the Sun must be accompa- 
nied by the gravitation of the Stin to the pl&nets, 
so that the quantity of the motion of the former, 
estimated in any direction, miist be eqilol to that 
of all the latter estimated in the opposite. Tlie 

- Sun, therefore) metres in an orbitj about the oiily 
point of which the condition cannot be disturbed 
by the mutual action of the surroundi'ng bodies, 
y'lz. the centre of gravity of the *hole. 

tf there were only ohe planet, the Sun and that pla- 
net would describe similar conic sefctions, of which 
their cOaunon centre of gravity nAiId be one of 
the foci ; their distances from that point being al- 
ways inversely as their masses. If thete i» a num- 
ber of planets, the path of the Sun will become a 
more complicated clirve> but will be such as to fur- 
nish a centrifugal force in respect of each planefj 
just able to counteract the gravitation toward it. 

Vol. U. . O S47. Tfa* 
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247. The centre of the SjiR is never distant by 
so much as bis own diameter fiom the centre of 
gravity of the system. 

The diameter of 'the Sun is eq^al nearly to .009 of 
the radiu? of tlie Earth's orbit. Now, if we sup- 
pose the SuD, and all the great planets of the os- 
tein, Jupiter, Saturn and Uranus, to be in a 
slrEtijght lii)f, and the planets aP on on* side of the 
, Sun, the centre of th« Sihi will b* nearly the far- 

thest possible froni the. centre cMf gravity of t^e 
whole ; yet we shall find on computation, that the 
distance is not greater then .OOSS-of'theradius of 
the Earth's otbit.' NrfTTOstf iVt'jW^y, ilib. i». 
.prop, 12. - ■ 

248* Thus the existence of the prinqiple of gravi - 
- tation,: ik established by induction from the ]aws 
of Kepler, and from it, by reasoning dpwnward, 
conclusions'bave been obtained concerning the 
quantity of matter in the planetsj to which obser- 
. vation,: without the assistance of theory, never 
could have reached. 

It yet remains to be shewn, that the same I&rce which 
occasion:* the descent of heavy bodies on the Earth's 
surfuce, at the rate of 16.09 feet per itco»i, when 
iTiminished in the inverse ratio of the square of the 
disUnce, is just'suflicient to retain thel^obo iaber 
oi'bit. 

The 
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IV syderfd revolution of the Moon Is 27^.32166^ 
- ' ' ^124. bfid h«r mean distance 09.879 Bemidiitnieters 
of the Earth. From thii, on the supposition that 
the squares of the periodic times are &n the cubes of 
the distances the period of a body projected, so aa 
tQ describe a circle round the Earth, will ht 
found Iti.4i5l6. From this the arch which the 
body desci-ib'es iii one second, is found to be 4'.13" 
.48"' ; and the deflection from the tangent in one 
becond, if reduced to feet, comes out 16 and a amall 
fractioh, the siraewlUi tfie'flesferft'WFabeavytody 
in one'seccfid, « the suHace df th^^Eairtb'.' ' 

Kbwtomi /ViRcij). Ill), iii. prop. 4. ■ ^.,,■- 
.On.the Bul^ctof this stettaa^ iMiiNtwwithJViitci^. 
Hfiith. lib. !"»"> "Mtio £*•, 8*S "J*^ &»», in*., 

' Sob. BE&vOviCLt, Opera, torn. l.'WJa,'N'*86. .. 

EuLERi Mechanicaj torn. i. cap, 4*wi> -FtHiiCularly 

prop. 80, 8L , : ■ :■.'.■■•: 

Fbisii Opera, torn. 3<Iu», ^asvtograptid, lib. Im'ts, 

Dr Mathcw StawART, Tracts Pk^t. ^ Mulh. 
Tract 1. The subject i«th<«& treated'in'a ono&ner 
strictly getenetrieaJ. .■ .' ' '■' i, ■'' 

L> Lajjde, liv.' 2^=, fojn. iii. ' -, 

: VisoEi Jatran. «hap. 9l."*ol-m ".-> n ,:-■' n; ■■■ 

TThforic dei Stouvemens aes' Pldneth^ p^r SI. L* 
■ '■'■ pLACir, 1" partie, Paris,' iVsf.' '"" " ■' /; ^ 
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Sect.^II. , 
9v rat ro£C£s vhig'r i>i3irufis th^ exli^ttcae. 

MOTIpN OF THE PLANETS. 

Wwca HfStn- 9f«: pqljr two U^Hm tbtA-gndtaUs t* 
one wiot^wrf. wiUi foroes invcndy. an llKiqvares a£ 
titeir distaoces, it appears Xrota tite la^ section 
that ttiey move m conic sections, a&d deurilw, about 
Aw cMamOD centrt of gravity, «qual snaa Ml e^ual 
time*, thst centre eitfaer remainiRg at rest, or mo- 
ving uniformly in & strsigBt line. Bat if t^efe are 
three bodies, the action of any one on the other 
v' -' Vwo, tbanges the nafure of tiieir orbits, so that ther 
determination of their motions bcettJnea a psroblem 
of ihegrieatest difficulty, distinguished by the n&me 
^TBB Problem or i^iie tdrbe BoniEft. 

"Xhe lu^tfDn^Qf.t^u,pEo5Ient>«i UsiUtHBoat-gcneralL- 

ty, u not within the power o£ the matfactaiatical 

a^lGRcet, R5 they now exist. Cndsr certatu limita- 

tioDS, however, and' such as are quite consisteat 

'^' ■ 'With tKe cotidititm tK- the 'beav«nly bodief; It ad- 

-^ ': raits of being resolved. Then limitattoiiH are, 

^7 ' "ftatfBiB'forcetFhichbneof the bodies exerts on the 

"-' ' Mber two, Isj either from the sm^ness of that bO' 

"■■^ .^'<fy;*M ifci ^«at distance, very inconsiderable, in- 

i'-^'J - respect 
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«68peet of the forces which these two exert on one 
anothw. 

The force of thb third body Is called a duturbingjorce, 
and its effects in changing the places of the other 
' tiro bodift, are calkd th . diituibiauu of t^ tgt- 
tern, , , . , , . . ( . •; ; - ■ 

TbAugh tlie small disturlung forces may be more than 
one, or though there be a great number of f'emote 
difttorblng bodies, thi coiti^utation'df ttieircombi- 

-. ned effbtt EOises reo^y frmn kmawicg the effect of 
:9ae ; and Uierefore tb« problem of Three 'liodies, 
under ihe coaditi(His Just stated, may be (ixtended 
toany nutober. 

Two very diflerent methods' have licen a|>|^d to the 
splution'of this problem. The n^tp^etla that 
■ which embraces all the effects of the disturb- 
ances at once, and, fay reducing the mtmientary 
. clfai^gM jnto fluxionary. or jliB^coitlal equations, 
.proceeds, by the int^r/ftw/t pf tliese^ t» d^(ennine 
the wholp change produced in any finite time, whe- 
I ther «n th*-anguUr or reetalined distance of the 
'bodiei. This mej^MMl gives all the ineqaalUiei st 
■ .. ooeej iuui>«8 tli^y naatually affect one anoUier. 

The other method of solution 14, easier, atul BMC9 

dementary, luit much ^i|. accurate, Itifu^toset 

tb^ofbit disti)rbe4 U> ,hg ftfnrJs Jmawri^-l^ pro- 

, ceifds 119 calculate each H^iiajif^y by jtf^ ind*- 

^d^atij Af t^e lejst. |tj.«^ot, t^ertftira^ be 

,. Q3 " ' «»et, 
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■: < exact, a^ giyei» oftly ■♦' 6prt^;»ypty«twnatiflw rtq tfaa 
quantities wught; btit biABf}fKiimfi9iiMuto,titPi 
other, it is much beUer suited to the el«^^tf pf 
science. It is also the origual method,: spd ibM 
ivfaich was first applied by Sir Isaac Newtom ta 
' «x(daui- the irreguIarEties of the! Mqoii^ jai«tioB. 
The same has bfi«n foUowM' and imppaved.hy Ca- 
-. LENUBiRi, in. his Commenlaty ^ntht tkij^d ^eolc of 
the Principia ; ^rVtMiimY^iiCovmographiai and 
by VjNc^, in the second voUme of his Aatraiumy. 

■ The Other methotl-was not invented till several jean 
later,' when it occurred nearly about the same time 
to the three first geometers of the age, Cla'iraut, 
ICuLEB, and U'ALEUBEar. It was ibllowed also 
by Maver, and several others, but particulariy by 
Xa Place, who, in the J^ecanique Celtttt, has gi- 
ven a (dmplete jnvesttgatioD of the inequditiei both 
of the primary and secondly plaqcti. . 

t slmlt explain the resoluticm of the -forces that ii 
-in some measure cotbmon to both methods; and 
shall shew how their effects ere to be estimated in 
' some simple instances, gom^ from tlrence to the 
entiHieratSeii of the results. I brgiq with the 
' Mooti*s irregularlti^, as the easiest case <^ Uk pro- 
{ilem. ,. ,i , : ,:, -i - .,■..■_■ 



'- -i^tg: The Horn; ih - h^if ttidtion toorid the 
S!«rth7 is iist'urfeed by. thi action of the 'S6n ; her 
gravity- to the Earth ts increasetl near tHe qaadra- 
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tbresj-^aiididftiliDiiiJiied'botb fttvt-he opposition and 
thti'oonjUBc'tioi*-, and' thb at-eaB'deBcrifaed by the 
raiJitis Vfectei'v ^Kcipt near the qgadratutes, are ne- 
\i^rti'^Jy proportional to the^ times. 

jit.XA ADBC (fig. 95.) be the orbit, nearly circular, in 

:' ' which the Mt^on M revoli^s round the Eartti at E. 

J-et the Sun be tt% S, 'and let the lipe SE denote the 

'' altractlori of the'Sun on the 'Moon at M'; let MG 
"tp equal to tliis line, and joining ME, let the pa- 
rallelogram KF, of which GM'is the diagonal and 
M£i^ produced, one of the sides, be described ; and 
■ 'let H3 be drawn parallel (o ME, ■ ■ ■' ■ • 

■ The force MG maybe resolved iniotke two MF, 

MK, of Which MF, directed towanl the cfeatre E, 
increases the gravity of the Moon to the Earth, 

and does not hinder the proportionality of the areas 
described by the radius vector, to the times. ' 

^'The biher force MK draws' the Moonfo Uiedirec- 

■ Hoii of'thfe line joining fK^ centre of ^e' Sun and 
''■ Earth; but it is only the'escess of this force above 

that by which the Sun draws the Earth, that dis< 

lurbs the relative position oi' the Moon and £arth. 

jj If, then.ES denot.^,tl[f^ force, p^ the Bun.ontTie 

' Earth, B[H will be the fojc* by which th^ Sun 

. "S draws the Moon from llie Xarthjin the direc- 

. Q * tiODf 
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tion of the line pMsing llirou|;fa the floitres of the 
■ SunandEai-th. ' '' '' '^■"'- • ;. " "• 

This force nt the conjunction, exceeding that _gart of 
the disturbing force ithi<^ dMir; the Moon to the 
^arth, tends to diminish t)ie 't^sjpn's grayjt^ to the 
Earth. At the opposition B It does'fhe'siitne, by 
becoming negative ; for the Earth, y» then drawn' 
more than the Moon, and the dif&rencb is nearly 
the same asat the ^onjunctioq. 

jL If MN he tak^n equ^ to UJR, and NO made per- 
pendicular to the radius rector, Uie'lbrc* MN is 
resolved into two, one directed from M to O, les- 
wning the gravity of the Moon to the E«yi, and 
the other directed from to N, parallel to the tan* 
geot lo th^ Moon^R orbit at M, and therefore acce- 
lerating the Moon from to Ai retarding hoc Grom 
A to B, and sp alternately iu the other two qua- 
drants- 

At the quadratures C and D, the force HK ranishes, 
and the only remaining force is directed to the 
centre of the Earth, sqlhat tbesreat are there pro- 
portional lo.tUe tiw.e»- 

t. The analytical values of these forces are next to be 
found. Cr^^f.C^P the. line of the quadratures, 
put 9£ = Oi EM the radius vector of the Moon^ 
orbit = r, the angle CES^ := x, and the mass of the 

' $un = m. The foxce that retains the Earth in its 
orWt 
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«rt)it = ^j.^'^e.Sun'a force on M in^^dl- 

,xedimi'$M=f y«-^2^— ^ nesri^;.widiiencetl)'e 

"'foiice HB^ or'MN," is roand :=; '. ' ..",.' ,' 

NO == -T.^i-siiisfxcosiej^— . -^ an 2*. 
a* a' ■ 2 

o' 

irejei«ii»g sU'the terurt inVflJifegpoWira of i gre»t. 
er thsn the first; and Uierefore MF — MO, or 
tfae wti(4e force with which the gr»Tit^ of the 
Moon to the Earth is isereaaed or diminished, 

U ^ (1 _ 3 lin' «). This lart force is 0, when 
3siR'x=l, or (in,;ir= ~r^, that is, when 
a; = S6°.16'.fi".- At the quadratures it is + ~, 
irod lit ■«« oppofltkfc and <!H«***«» -" ^^ - 

_■":_ ■;", [';"' \ ' .' .The 
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The mewi qimntUj of the force — p (1 — Sun**), 
for an entire rerolution, is found fa^ mult^iljring it hy 

ftf wb!(^, Ot* the BUra of the i^turUog fepces = 

sad this, when « is an entire idreim^erence, be- 
come! -- -^ X g . Jfais mwst he diri^ hj v, 

ftlid it'gtrea — ^-^ for the mean disturtlng force 

acting on the Moon, in the direction of the radius 
vector. 

250. Hence, at the quadratures, the giBvity of 
the Moon to the Earth is increased by a quantity 
equal to the mass of iihe Sun roaltiplied into the 
radius of the J^Don-*s o^it, and divided hy the 
cuhe of the;Si»'A.(fe(pDceifr<MR tiac ^^^,^1 the 
opposition and conjunction it is diminished by 
twice this quanlitj-i and the effect upon the 
whole 
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whole is a dinjinution of the Moon's gravity, 
amounting to one-tialf of it; or to ~ — . 

1%« disturbing force in tli« direction of the radios 
■ VecWrthaj' "be (wore wnrnlfeetljr tlxpressW ; -for if 
F be the force by wfaipb the Earth attracts tlie 
Moon, F the periedi*))! tinoe pf the E«Fthi^ Evolu- 
tion round the Sun, and F Uiat of the Moon round 
the Eartb,'it has been alre*dy shewn, that 



;.; F :,: 



:F: 






: ^ ii therefore nearly -=5 of the Moen\ gra- 
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vity, and the mean disturbing force = s^r.-. 



• ■251; Ftotw the diminution of her gravity by a 
3,'j8Th '^art,' the Moon describes her orbit at a 
greatef distance from the Earth, with a less angu- 
Jar' velocity, and in a longer time, than if she 
\^re urged to the Earth by her gravity alone. 

.^ (Jf.jth^ solar. actiop were. to cfMe,,.tbp Moon would 

, . ,. j^pie neaf er to the Earth, and w^uld describe bfr 

'■ orbit 
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orbit in leic time. As the area described by the 
radius vector In tlie primitive and the disturbed oib 
bit is the laim, ,ip i^ he.^ym, tJbiat :W) Mnse- 
queoce of the mean diiturbing. fi>|secv tb*- radius 
■ Y^ictor.j^ increp^ by ,a 35Ptii-p*rt» ■«*d ;lfcfl angu- 
lac v(a«^t;,dHftinirfi^,by..a,47%h ■?«*■- ■■■■■-■ 
'' Sxposititm 3a Syitemi du Iffondty chap. r. p. 213. 

■■■ «a*'edit:"^ ■■' ■'■■■ ^ '■•■ ■■ ■■ 



SJS. The annual equation is an Irregularity in 
the Mood's motion, ariciDg frOin the' variation of 
the Sun's distance froni the Earth, and bearing a 
given ratio to tht equation of tht Sun's fcentre. 

Since the Sun's disturbing force is isversely as th« 
cube of his idistaocA, when, be- appcoadies the 
£arth at the perihelion, the Moon's motion is sioirer, 
and, for the same, reason, at the ^]^lioo, it is 

. quicker than the mean. This produces what is 
called the anrnuU eqtuuion, equal nearly to (If.ld*) 
X sin Sun's mean apomaly. 

This has a, contrary sign to the gqurtifvi .-of ttts Sun's 
orbit. 



358. An inequality in the same ^sturbing force 
depending on the position of the transverse axis of 
the Moon's oriait, in respect 'of the line dmvn 
from the Earth to the Sun; produces the equa- 
tion 
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tion atreadj' mentioned by the name of the Evec- 

Wbcii-tM transverse axis of tbe Mooq''s or'bit^is di- 
: rcdted'td' tbe Siin, or lies !n' the luie of the syzy- 
' - gfes^ B«cauM the'fbh:^, Yak^rflA ^yzygtes from the 
gnvi&tflmitihiiTlt'aoTiirai'eatetit 'piirVfilw, propor- 
tional to her distAQce from th^ Earth ; it isr great- 
est when the Moon is ia the ^Mgee,' and le»»t when 
the Moon is in the perigee : the greatetit potnUe 
diminution is therefore made from the .quantity 
Ait 19 already- the least, and ike least diminutioD 
ffoqi thet-wbicfcis already thrgrtetest;' tlieirdlf- 
ferenqe tberelcffc i>. Rugpeqted. 4nd the motio* at 
the ^pp^ made slower than, asnal, and at thepe- 
rigee faster. When the line of theapaides is in the 
- quadratures, tfae eonfrttry happens ; the gravitation 
at the afiogM b most augmented, and at the peri- 
' ' '. geeieast augmented : the difference th«%fore is di- 
! miijiahed. 

iBithe former, case, the equatiqu of the centre appears 
to be increased, and a the second it appears to be 
dimmisbed. The qaantity is — (P.30'.360 mul- 
' ' '^lied intA"the sine of-t^trice. the Moon^a angular 
distance from the Sun, ndnus the mean anomaly of 
the Motm. Mavkr adds another term to the erec* 
, tiop, equal to + S6" multiplied into the sine of 
double the preceding argument. Tkeoria Liaia, 
Lend. 1767, § 50. 

254. The 
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■ 244. The Vsp'tathM is &i!i CQliatittn i^tV^fl(tti 
the ^rce at tight angles to- thfe tl^dhfc ^fltf, 
which, from the quadratures to -^eUyt^/p^iic- 
celerates the mp^ion of tlie Mooii,--anHtWm%c 
Byzygies tolhequa^rauires TelatdsjC^iDite^Skie 
was found to he proportional to^tk^sialioj^ifiWi^ 
the^ooij's flnguiar distance fropi the Su|\(and 
; the equation itself is neariy.pioportiori^vto the 
Mme quantity. 

If the avgulsr dutfoq^ ol:'U)fl-M(nD fiuu Ae-£uii 

+ :(3fif.47-)«iU'8d. - ■■■■• ■ '- 1- ■ 

+ '(POsinSA ■ ■ ' ■ ''" " ' ■ 

Buidethe above ioequalities, first fbubd'OuC fij-sb- 
■erration, and now ezplatoed by the theoi:y«f j{M- 
vity, th^e-are ureral otbeni of imsUer atiwtnt, 
which th^iy, aloi)« has discorered.)- aU.:(ba^j«b- 
fervation could do, being to aacntun that aoae 
unknown inequalities existed, wbieb mtrodaced 
an uncertainty into ail tbe'cakulafmi^'or the 
Moon's place. These have been saparatcd by the 
theory, and tbe Tables by that tnefUiS,'brcltight to 
agree rery nearly wfth-'observatibn. 



" S55. One of the equations which' theory has dis- 

coTcrei, is remarkable for the great length of its 

period, 
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pp^ie^^^a^ Jiffflm f^»9 .85,3^ean. ■ 1% i^nds 
9A ^ p9fitioa,.pf,;tbtc* luiesj the-.axjs.iijf ^he 
Moon's ofbit, .{the axi» of; tbie. Earth's orbit, aod 
tbp,l|fl^qf ^heMvpn'spoof^s., lit ^mounts- tq . 
]4''«ia(fiLoQg.:Nodcr^<I>Dn£.feiigBei< -^ ■, 

' iftiiani^Ctleite. 'Also' Preface t6 the New Tablei, 
Vnree'i '-f JlrtiB-ltom. lit. ' ' ' ' 

25fi. f fae - infcquatitf ca&ed the' actfterathn of 
the Moon^ by which her velocity appears subject 
to conthiual iaciease, a<i4.-har;.peiki4:to conUnual 
diininutioa,.has:bc^i fiiund^b^. La .Place to be a 
^eru/trr' equation, (depending on. a -change in the ' 
eccentricity of the Earth's orbit), which does not 
run through the circle of its changes bat in the. 
course of several thousand years. For mmy cen- 
tuiies to cohie it may be heady exjiressed by this 
fbcmtlla,' Where n denotes the nuhlber of centuries 

from 1700, ;; 

+ 10".181631268 % N* +-<r.01fifi38440d «' . 

, . The other lunar inequalltusrqpeil tiie oriiU itself, 
where, Id caoscquence faf-tlwiSafnyduturbivg force,. 
. these three e/nsent« are snl^ect to change, vie. The 
]ioaitibn of theHtiein wJiickthe.plsDeof the orbit 
cut! the phuw.f^.the-ei£ptic;.alai> the aagle in 
which it cuts that pUne; aDd,.)s5tlyi the direction 
of 
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of the transventi ttb of tbe orlnt, or of the line d 
tfae spsides. 

357- The motion of the line of the nodes is pro- 
ducecfbythat part of the Sun's disturbing force 
which is in the direction erf the straight line 
joiaing the centres' of the .Sun and Earth, .and 
proportional to the distance of the Moon from a 
plane passing through the centre of the Earth at 
right aiigles to the line joining theceotresofthe 
Sun and Earth. 

Siippos« tbe Moon to be on tbe siuntj side of tte hil- 
ii)«ttioned plane that the SOb is. Then, if in tbe 
direction of her motion for the initsnfe jtut past, 
there be t«ken « line equal to tbe space paased or«r 
tn that instant, and if ia the line drawn through 
the Moon, perpendicular to tbe above plane, on 
the side opposite to the plane, there be token a 
part ec]ilal to the space which the force urgkig the 
Moon from the plane would have made her tie- 
scribe in the satne time, tbeni the true path of 

. tbe Moan wiB be tbe diaKPoal of the parallflagrani 
Under tbCK two lines ; and the momentary 
ehange'&i tbe place of tbe nodettill be the distance 
between the point where an arch hariog the direc- 
tion of this diagonal, and another baring tbfl direc- 
tion ef ill side, Meet the plane of Uie eclqitic. The 
same will happen in other sitttationi of the Mowl, 
and the line of tbe mdei iriQ tbm have a motion 
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-I 3nir )r|!lc lo .!ii;c S.ii Is i.7s ■.-■i.- •- ■■ ■': ■■■\''r 

iti It contrary direction to the mf^o^ac^f jAp Moon« 
that is} a retrograde motion, or i% taiuxiaiia, 

-jKj i\ a-)£i(i!j jiiJ ;: ■•■;.. •■.-'" i - ."■ j, ■.-.:. _■ : I •'■' 

-»£^^?(?;|W"9P!'°*f.*¥:B9#. af.:aii/ tipie i9,t«J 
,- ,j5.3"4it?g*%,ti»e pr^ijpttrf" the-sines of,the»-i^«« 
a|i^ies^th|;i^Ut^e of,tJi(;MopD>from ibe^qu^dia- 
ture, th^ distgnc?,of the.MoQQ from 'Uic node, 9iid 
^/i^.<list^nceof.fhe noila frgqi jibe Sliu* ^o ^e cu&e 
of the' radius. ' ' ,. . i i .. 

': -IVhaikij oMl^ dM abotfe tbne >loM bfeOmd ne- 
-': '-^tir^ t&e tnotlatiof th« node, fi4fft beiii^ retro- 

' '" jqdCf'bectitheitx'ogftuiTe. - ' ^ '~ 

SjSi. . The mean faonirjr motion of tb«. node, 
:irhich. arises from jtakiog tb« avera^ of all tfae 
j^or^j motions, is to WS,n\ as the pqoasa of the 

-.sia^^f,tb« ^»t»a6f of ^e Qod^ from Ihe -Sun to 

^)^,B()uuif of;the:cadiuk . .: 

/iii ctit. 

ill -. ^H«Ag« U»-nM«ii MnHitii«^'tto,BAlMiiirsi74eriaI 
-^-■x' >twlsUM8M'r.4y*U«lt'if Aot flii&Mlthere- 
mT . M|U«f«8tl>MIMIiric«l«bMVWti«» :'^' 

,U<KiI'' ■: ■■■ i< ■•;■■.■,'. 'i ', ... ■■i-."^i- ■'■ :-■-•'■ '"■■■I 

*'*^4Ur -^ ""■ '-•■ -■"■ H.^ ■ »^-'"^^^-'s^cf.Freffl 
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HGO. From the same cause atiset a Tariation iti 

the inclination of the Moon's orbit to the ecliptic, 
confined within verj narrow limits. A coostnic- 
tton for determining the inclination for an; given 
time, is given itid. prop. S5., and is found to agree 
with observation. 

What respects the motion of the nodes is thus com' 
pletelf explained ; and it is here that the indtrat 
method of determining the Moon*s inequalities has 
been most successful. It has not be«i equaHy M 
in aseertt^ing the motion of the apsides. 

To conceive, in general, the cause which renden the 
apsides of the Moon''s orbit more than 180 degrees 
distant from one another, we must begin with sup- 
posing the Moon at fhe latBtr apiu ; then, if that 
planet were acted oa on); hj the force of gravity, 
the radius vector, after it had described 180°,- 
would arrive at the tipper apsia, ot would be inter- 
sected by the orbit at right angles. 

But as the mean disturbing fiirce, in the^ direfitionf of 
the radius vector, may be considered as a quanti- 
ty constantly taken from the Moon's gravity, the 
portion of her path described in any instant, will 
fall between the tangent and Uie arch bf tiie ellip- 
tic orbit i^hich would have been described if the 
Moon had b<«n acted on by gravity alone. The 
actual path of the Moon, therefore, will be less 
bent than the dliptie orbit would have been in the 
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fiaine tipie, and will not cora^ to .iatcMect tJM ro- 
Am vector at' right angles, UU tias last hA» diDred 
over a greater arch than 180°. HencethfiEoIar 
force, by lessening the Moon''s gravitation to the 
Earth produces an advance in the place of the 
apsides, in the direction of the Moon's moUori. 
If the same force had been added, it would have 
prodilced s inotion ^n antecedentid. 

The precise quantity of the motion of the 4pud^ if 
not, however, easily determined. Newton left thia 
part (^the theory almost uotoucbftd; and th? only 
theorem which he gave, having any reference to it, 
made the motioh only half of what it is. found in 
teality to be. Machin was, I believe, the firsti 
who, after Newton, attempted this .investigation ; 
he has only mentioned the result, which is very ex- 
act^ and the principles on which his roa^oning i^ras 
founded, tiz. that from the disturbing force In the 
direction of the radius vector, he determined the 
Moon's nearest approach to the Earth, arid farthest 
recess from it, supposing that but for such disturb- 
ance, the Moon's orbit would ha»e been a circle : 
from this also he found tlie time from the lowest 
to the highest apsis. . . 

This method was afterwards adopted by Bom. Walmi-" 
i-BT, and by Dr Mathbw Stewart, who both de- 
rived from it the true motion of th« apsides, by in- 
vestigations, extremely ingeBMWS, aqd.thftt flf the 
/. B8 ■;,_.; , ; ;i«tter, 
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httet, puiicularly dutinguidied for iti gMHBelrical 
eugance. Dr Stkvart haa dtmonatnted. this 
theorem: 

261. If r be the radius of tfic Mobn^s orbit^ 
supposing it to be a circle, and acted oa 00I7 by F, 
her gravity to the Earth. Then if a mean disturb- 
ing force =/ be supposed to diminish the Mood's 
gravity, the greatest ditiijuice she will go tQ fnfln 

the Earth h rx -^ — ^-t4- J and the cube of this 

a— 5 J 

distance wilt be to tbb cube of r in the duplicate 
ratio of the angle described by the Moon irooi 
one apsis to the next to two right angles. 

Tfwt* Mtak. ^ Pkur. Tfsct it. prop. 87 1- ak*- 
Sim'r Dittance, prop, izi 

Hence the angle deicribed from oae apsis to the 

next == (^— ^/>* X 180°. 
(F-6/)* 

Friu has adopted the princIpTe of Machiv, incllidiog 
alae the action of the forcei perpendicolor to the' 
radius vector. Opera, torn. iii. p. 380. 

ViMCi, in At 2d Tfdnme of his Attronoti^, has com- 
puted the mo^R of the apaidea according to tliis' 
iMKk nwthwl^ and makes the quantity of it in a sj. 
deriaT 
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4erial rCTolution of the Moon, 3^.d'.39'.^ ; and 
in a year 40°.4(y.20. 

>£atek's 7*0^ mate the latter 40°.41'.33'. Dr 

SriwAiiT'a T'jWretR gives 3°.Vr20', supposing L 

^ "S^ * ^® ^^"^ assigned to it, g 350. 

The result of these investtgaljons, dierefore, npett 
nearly with observation ; but it cannot be denied 
that the principle on which they are founded is li- 
able to some objections, so that if U were not for 
the information derived from the direct solution 
of the [K^lem of the three bodiet, il might still be 
doubted, whether the principle of gravity account- 
ed exactly for the motion of the Moon's apsides. 
pLAiHADT, who first compared the result of that 
solution with observBtjon, met with the siune diffi- 
culty that Nkwton had done, and found that his for- 
mula gave only half the true motion. He there- 
fore imagined that gravity Is not inversely as the 
squares of the distances, but ibllows a more compli- 
cated law, such 83 can only be expressed by a for- 
mula qf two terras- In seeking for the coefficient 
of the second tenp, he was obliged to carry his 
approximation farther than Jie had done before ; in 
cpnsequence of which, the coefBpient he sought for 
c^e out equal to 0, and the motion of the apsides 
fflf* found to be completely e^lained by the snp* 
K 3 position. 
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position, that the force of grfivity^ is inrerfely u tbf 
■quare of the distance. 

262. Since, by the Moon's inequalities, the ra- 
tio of the Sun's disturbing force to the force with 
which the Moon gravitates to the Earth becomes 
known ; if the ratio of the former, to the whole 
force retaining the Earth in its orbit, could be 
found, the ratio of this last to the force of the 
Earth on the Moon would also be found, and from 
thence the ratio of the distance of the Moon ta 
the distance of the Sun from the Earth. 

The latter ratio wmild be givai, because if F and/ 
are the forces that retain [he Earth and the Mooq 
in their orbits ; if a and r are the radii of those or- 
bits, P end p the periodic times, 



and so if the ratio of F to F? b^ given, F, epd p bq* 
ing also given, the ratio of a to r is found. 

In this yr&y the Sun's distance might be found from 
liis own force to disturb the Moon, the idea of 
which appears first to have occurred to Dr Mi- 
THEW Stewart. The principal difficulty is to 
find the ratio of the disturbing force of the 

. Bun to the force which, the Sun exerts on the 
Earth. If the expression of that force was carried 
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M iuib/er than to iarolve tbe'sUnple power of -, 
a 

the inrestigatioB would lead to nothing, as a would 
disappear from the equatiou ; but if it be carried 

to tfae terms tbst inrolye — , an equation maj be 

found from vrhich a can bje determined. Dr Stew- 
art, therefore, having first compared the mean di- 
sturbing force with the gravity of the Moon to tho 
£^th, from the motion of the ajjaides, proceeded 
to determine the ratio of the former force to the 
force that retains the Earth in its orbit, by cany- 
iflg the «pproximation to the term* that involved 
jlhe square df tlie. Sun's distance, aiid. from that 
computed the Sun's parallax at 6".9. SuiC* dittance, 
prop. 10. 

This value of the parallax is no doubt too smidl ; it 
is only an inconsiderable part of the disturbing 
force of the Sun, into which his distance enters as 
an element, and therefore any deduction founded on 
it must be liable to error. 

Maver has also sought to determine the Sun^s paral- 
lax from one of the lunar equations, as deduced 
from the solution of the problem of the three bdHiea. 
The coefficient of this equation involves the Sun^s 
parallax, and gives it equal to 7".8, and Mater 
thinks that the error cannot exceed a Sltti part 
Theoria Luna, § 51. 

R 4 263. The 
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26s. The Tables of the Moon's motions in the 
etate to which they are now brought, contain 88 
equations for the longitude of the Moon; 12 for 
the latitude, and 18 for the horizontal parallax, 
or the distance of the Moon from the Earth ; and 
their gre^t^st prol?abIe error dqes not e;Kceed J2 se- 
conds. 

It is very much to the introduction of the equation 
of the period of 85 years, which nobody before 
IiA Place had discovered, that the superior ao- 
cnracy of the New TaUes is to be ascribed. 

The observations at Greenwich have afforded the 
data from which the theory of gravity, and the 
tHtegral eakulut have extracted these memorahle 
pivsnlU. 



Sect- 
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piSTURBANCEJ Iff THE M0TIQN3 OF THB PBIMA- 
«y PLANETS PaODUCED BT THEIR ACTIOK ON 
ONE ANOTHER. 



Jt is necessary, in this inquiiy, to know the quaiitl- 
tMt of matter in the different planets ; and these 
hare been already calculated for the planets which 
bare satellites. The masses of Venus and Mars 
have been compute4 by M. La Place from some 
disturbances which tbey appear to produce on the 
iEarth's motion. The mass of Mercury h^s been 
ntimated, from supposing his density, and that of 
the Earth, to be inversely as their mean distances 
from the Sun. This law holds with respect to 
the Earth, Jupiter and Saturn, and analogy autho- 
rises the extension of it to Mercury. From Icnow- 
Jng the density and the bullc, the quantity of mat> 
ter is inferred. The mass of the Sun being 1, 

PM .f Mercury i. ^^, rf V».. ^, 

(tf Mars -TKTgQgai ^^°^ ^ ^^^ others bdng u 
fireadj stated, § 245. 

Tip 
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The gravitation or one planet to anotber, is expre^ 
sed by the quantity of matter in each, divided by 
the square of the distance ; and therefore the twq 
bodies tead to coiae together with a force that is aq 
the sum of their masses divided by the square of the 
distance ; so that when the motion of Iioth is re- 
ferred to one only, the force must he expressed by 
the sinnof the masses divided by the square of tbe 



The disturbances produced by tbe action of the pri- 
mary planets en one anotber, are of mor& difficult 

. investigation than those produced by the Sim on 
the motions of the Moon, because the dbturbing 
body is not at an immense distance, as in the lat- 
ter case. The only sure way of subjecting them to 
calculation, is by a direct solution of the Froblem 
of the Three Bodies ; the part of which that may 
be accounted quite elementary is now to ~be consi' 
dered. 



264. The forces whreh- act upon a-body, to 
however many -centres they tend, and whatever 
law they may obey, may be resolved into the 
directions of three lines or odcs, given in position, 
at right angles tp one another. 

This is evident from Dynamics, vol. i. § 70. 

The advantage of this resolution of forces for deter- 
mining the motioa of .* -body laUnctrd to several 
centres. 
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leentres, iqipean to bare been first suggested hy 
MicLkmits, Fbuim, § 470. It has been very 
.useful in the solutiou of tbe problem of Tht three 



265. Let S be the Sun, (fig. 26.), and P 
and F two pbpets refened to the jdane <^ 
the ecliptic, each by three rectangular co-ordi- 
nates, PQ, QR, RS, and FQ', Q'R', R'S, pa- 
rallel to the three axes SO, SN, NM : let 
SRij-, RQ=y, PQ = a. Let all the forces 
that draw P in the direction of SM, or in a line 
parallel to x, whether arising from the action of 
the Sun S, or the Planet F, be denoted by F ; all 
those in the direction of SN or y by F ; and those 

in the direction of SO or », by F" ; and let t be 
the momentary increment or iluxion of the 
time; 

* = — Ft* 

y = — F'i', and 

From the principles of Dynamics, (1. § 100.) 
.— P« = t>v; V)d(l.§£6.)t)= Z-t 10 that 
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v= f., becMM i it mppoted coaetamt; tb«|)e* 
fore B » = — X ~ = -TT > wd hence 






In the same manner are found the valueB of y and 
of i. 

On these three equations is foupdcd ths solution <jf 
the problem of The tfar^e bodies. 

S66. The s^me things being supposed, let the 
co-ordinates by which the planet F is referred lp 
the ecliptic be y, y , s* ; let Sf = 

'/A-'+y + z' = r, SF = *^^+7+P^«,/^ 
and the distance of the planets, or PP' n 

let m be the mass of the planet P, and fW that of 

f, the mass of the Sun being 1. The whole force 

parallel 
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parallel to j- or SM, that a%cts the lelative mo- 
tion of P to S, is 

(1 +w).r , m's' ^ i_ mq 

^ ^ f X 

for the action of the Sun on F being resolved m 
abore, tbe part of it that is in a direction parallel 

to x or to SM is — ; and tbe action of F on F 
being resolved in like manner, the part of it paral- 
lel to SH ia " ^*~~ . '} . Now, inppoaing x to 

Tar^ by the momentOiy increment or fluxion x, «' 
remaining coostantj the increment of f, or q will 

be sdch that -^ = tZlJL^ and therefore 
* T 

^'{"-^ = ^ ^hich, therefore, is tbe force 

hy which I" acts direct]; on F ; and if to this be 
added the Sun's force io die same direction, viz. 
-- , tbe amount of the dir«ct action of S and F' 

•n F, in a line parallel to SM> is - + -I^. 

Nowy 
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' Now, the Sun, by the united action of the planets P 
•nd F', is drawn in the direction opposite to' this 

last hj tt force = ^ + ^y ,' and as the Suo is 

here considered as immoreable, we must conceire 
this force to be transferred io P in the oppoute di- 
rection. 

Thus the whole action on P, or th« fotte f :^ 



By writing in thts formnla 3/, y and^, instead oTx,' 
a-andi, wehaTeF= * ■ '^^.f'^ + ~,^+ ^; 
Had ill like manner 

F*= (*+"»)« I K'^ , «t'f 



■pr-' 



? « 



The BubsUtutiofi of these values of F, &e. in ihif 
three formulas of the last article, will giv^ three 
fluxionary equations, on Which the motion of F 
depends. 

The same being done for P', there will come out six 

fluxionary equations, from the integration of 

which 
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Vbiete tiie motioiu bdtb of F uii P' ma; be de- 
tormioed. 

This is the prdblem of the Three Bodies, u for a^ 
the principles of Pynamica are concerned. Tbe 
i-eat depends do th9 integral cakolus, and inTolve* 
« mtdtitude of- inreatigatiaBa wiiich do not belong 
tothiiplai^. See Memoir of La Flacb, turlei 
Jntgaliiia de Jupittr et Saturn. ■ Acad, da Sdtneat 
1765. Also Mecam^ Ceiate, liv. vi. 

What is given aborcy ismereljr m eletnenUrj expo* 
sitioa of the djnamic&L pri#aci[de): emplpyed in 
these InTestigatiooa ; a sketofa fellows, of some of 
the most Important. coadiuioiu..deduQed .from 
tbem. 



£67. Tihe place of every planet in its orbit, is 
changed by the action of the other planets,, and 
the orbit itself is changed in all. its elements but 
two, tbe m.ean distance from the San and the mean: 
motion of the Planet. 

a. In the orbit oi'a planet, the line of the nQdes,.tbe' 
ineliUstion t6 Ae plme of the ecl^>tic, the line of 
the apsides, and tbe eccentricity, all vary. The' 
lines i>f the nodes and of the ap^des revolve conti- 
niMlly ; but thciocliBaticfi of tlte vrbit and its ec- 
Centtictty are only subject to sm^l periodical va. 
rldtliSds on etfch uda «f « mean) trma which they 
never depart far. 

i, The 
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i. The quantit/ and diretftion of Uiese BlotloaB, itf 
determined by the theory of gravity, agree eatire- 
ly. with the remits of obs^rration. 



268. Mercury is so luar tht Son« that his place 
in his orbit is 'not sensibly affected' t>y the action 
' ofthe other planets ; but his otbit is nevertheless 
disturbed, both In its form and position. . 

a. The disturbance* (^ the four elementB df the orbit 

are as in the foUowinj; Table, where, instead of^tbe 

secular change of the eccentricity, that of the j;reftt- 

est equation of the centre is set down. ' The fint 

column gives tbe planet, to which the dlsturiiattces 

opposite to it in the succeeding columoB afe to be 

'' ascribed ; the second is the antauU motion of tbe 

nodet ; the third of the apsides, both in respect of tix 

^ . - £xedstart; the fiiurth contains the tteular varia- 

! '' tions'of die indlnatioB; tiie fifth thOsS of the 

great^t eqoatioo of the centre. ' 



M^.f 


'NodA 


ipbd. 


Ik. Orb. 


Eq. Colt. 


8 
O 


_r.57 
— 0.S7 
— 0.1* 

-218 

-o;b 


+ .64 
+ 1 .56 

+ 6:(ie 


+ sr.o4 

+ 0.58 
-0.82 
— 1.86 

+ 0.02 


+ 0.86 
+ 9.87 

, + r.ot- 


■ ■ 


'-i.te 


+ 6.66 


+ 2^.16 


.-m 



tbi 
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Tlie sign'—, what spplied to the dode, or the aphC' 
lion, ibofilies t&at the motion is retrograde. 

b. The motioiis of tAe'tioitfrandoP the vpbgti, given 
in AsbNHio'lbkal Tables, kre difiereift from the 
ahov^, as tfae- OBnufll preiftssIiHi of tbe'eqiunoxes 

is included. Thbs Ai aotfuat owtien' «f the 
node is — 8".98 + 60".g5 = + il^ST , in respect 
of the eqainoses, though it is onlj — 8f'.9S ia re> 
spect of the fixed stars. 

^69. In like ihahner, the place of Venus in hit 
bi^it is not sensibly disturbed, but the ocbit itself 
is subject tij change. 





Nate. 


Aphd. 


Inc. drb. 


E<j.Crat. 


! 

e 


+ 0".16 

— 7.46 

— 6.69 
^0.29 

— 5.13 

— 0.09 


— 4-.30 

-5.0(i 
+ 1 .IS 
+ 6.38 
+ 0.08 


+ 1-.91 

— (v:4s 

+ 2.66 
, O.SS 


— »".02 

— 9.02 

— 0.64 

— 6.16 

— 0.14 




—WM 


♦ IS^.W 


+ ♦'.47 


— 24'98 



iiVd. In the orbit of the Earth, the ^sidea 
move forward annually at the rate of M".8077]9 
in' re»t>ect of the fixed staxs ; attd ih««cwCTitTicity 
diminishesj so that the-seefrfslC'^ftfiafkW of the 
greatest equation of the centre is — U ''.66. 

Vol. II. S m. Of 
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' a. Of the motion of the apsides, '5" i» doe to Vatius, 
1".2 to Mars, and 5"^ to Jupiter nearly^. 

b. Id the Beculor diminution of tke equation to th« 
centre, 4-4M8 is the eAlect of Vaiiu. — 4".94of 
Man, — 16".03 of Jufnter, aad the rest is produ- 
ced bj Mercury and Saturn. 

' 271. As it is not the centre of the Earth, but 
the centre of gravity of the Moon and -Earth, 
which describes equal areas in equal times, about 
the centre of the Sun, the regularity of the Earth's 
motion is disturbed on that account, and the 
Earth is forced out of the plane of the ecliptic. 

a. The irregnlarities thus commuQicated to the Earth 
are, by observers on its surface, transferred to the 
Sun ; the Sud, therefore, has a motion in longitude, 
by which he altmiately advances before the point 
that describes the elliptical orbit in the heavens, 
and falls behind it ; and in like manner altematelj' 
ascends above the plane of the ecliptic^and descends 
bdow it. 

b. These inequalities are small. The loau.of the 
Moon is about ^th of that i^ the Earth; the 
distance, therefore, of the centre of gravity of the 
Moon and Earth, from the c^tre of the latter, 
must be less than a semidiameter, and therefore the 

, inequality m the Sun's place must be less than his 
horizontal parallax. 

c. The 
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t. The greatest latitude which the Sun csd h&rp, is 
equal to the horizonta] parallax, multiplied into the 
sine of the Moon^s greatest latitude. This can 
hardly amount to a second ; it is called the men- 
itruat parallel:, aad was first mentioned hy Mr 
StikATON, PhU. TroMa. 1768. See also Maanique 
Celeste, torn. iii. p. 106. 

272. The place of Mars in his orbit is sensibly 
affected by the action of Venus, the Earth, and 
Jupiter. '" 

The principal inequality produced by JvfHter is 
— 2fl".6 sin (Long, g — Long, y) 
+ 1G".8 sin (Long. J — Long. "U); 

By the Earth, 7'.2 sin (Long. © — Long., g); 
and by Venus, S'.? sin (Long. ? — 3 Long. J) . 

There are, besides these, some other small equations. 
See Nete Tablet, Vincb'a Aatronimy, vol. iir. p. 48. 

In the orbit of Mars, the eccentricity is diminishing. 
The'scctifer rariation of the'^reatest equation of the 
<entre is — 87''. 

..The annual and syderial motion of the aphelion i» 
16^.75 forward, and of the node 23".a5 backward. 
"JTbese motions are chiefly produced by the three 
pUnets just named. 

S 2 273. The 
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S73- The inequalities of the small {tlaoets JU- 
no, Vesta, Ceres and Pallas, have not yet been 
computed ; the disturbances which they must suf- 
fer from Mars and Jupiter are no douht conside- 
rable, and, on account of their vicinity, though 
their masses are small, they may somewhat di- 
sturb the motions of one another. Their action 
op the other bodies in the system is probaby in- 
sensible. 

As two of these planets have aearly tie same peritf- 
die time, they must preserve nearly the same dis- 
. tance, and the same aspect with regard to one ano^ 
tber. This offers a new case in the computation 
of disturbing forces, and may produce equations 
of longer periods than toe yet known in our sys^ 
tem^ 

274- The action of Jupiter and Saturn on one 
itnother, produces an inequality in the motion of 
each, of considerable amount, and of a long pe- 
riod, viz. 9I8.76 years. 

' r a. If n express a notaber of years^ reckoned irom the 

beginning of 1750, S the mean tongitnde of Sa- 
turn, and I of Jupiter, reckoned ftom the $sme 
' tibie, then the great eqnatlon that must be apjdied 
to the mean- longitude of JupUer, or tq I, is- 

+ (20'.49"5 — nx0".042733)x -' 
M C5 S — 2 I + 50M.S" — MX 68'.88) ; 

anJ 
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tatnA that which must be applied te S ii 

— C48'.44' — Mxd".l) X 
sin (5 S — 21 + 5°.3*.^ — n x 58" .80) . 

Theee equations are to one another near]/ in the ra> 
tio of 3 to 7. As the quantity 5 S —2 I — n x 
68''.88, requires 018.76 years to increase from to 
360 degrees, therefore the above equations require 
that period to run through all tbeir changes. See 
I-A Place, J/An. Acad, ties Sciences., 1785, 1785, 
Also I^A L^iiDE, Ait. ^om. in. g 3670, 

275. Besides these two great inequalities, there 
^re ten others, arising from the action of Saturn, 
to which Jupiter is subject, and whfch may 
amount when greatest to \\'.56 ; there are also 
six to which Saturn is subject from the action of 
Jupiter, and these may amount to 19'.,^?" . 

For the particular forms of these eq^atituis, see La 
Imnde, ibid, tfit^ ViNCE, J^H. toL hi. p. 94, and 

JO?. ■ 

076. The motion'of the apsides, and the change 
of eccentricity in the orbits of Jupiter and Saturn, 
ar6 chiefly produced by their action on one anor 
ther ; but in the disturbance which the planes of 
their orbits suffer, the other planets, have a sen- 
sible effect. : 

S3 Jupiter. 



D, = ,l,z<,d.vG00gIf 



S78' OUTLINES OF NATURE FUH-OSOFHr. 





Node. 


Aihd. 


Inc. 


Eq. Cem. 


8 

e 
i 

u 


-^ o-.ai 

— 17.56 

— 0.01 

— 0.39 

— 6.95 

+ 5.88 


+ 0'.01 
+ 0.01 

+ 6.56 


— 0'.95 

— 17.67 

— 1.06 

— 7 .61 


— 0".02 
+ 56 .88 




— 19 '.34 


+ 6".68 


— 27M1 


+ 56-.26 





Node. 


Apbd. 


Inc. 


E,.C«.l. 


5 
S 
6 

n 


— 0".ll 

— 8.66 

— 0.14 
-12 28 

— O.M 


+ 15 .90 


— r'.i 

—26.66 

-^ 1.26 
+ 5.88 


-1'.50".6 




— 20'.93 


+ 15.99 


— 23".ll 


- 1 .5r.6 



c The eccenb-icity and Uie greatest equation of Ju- 
piter, are increasing, from the action of Saturn; 
and those of Saturn decreasing, from the reaction 
of Jupiter. Their secular variations are nearly in 
the proportion of 1 to 2. 

277- Uranus 
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S77. JJranux, on account of his great distance, 
-suffers no disturbance in his motion but from Sa<- 
turn and Jupiter. The principal inequality de- 
pends on Saturn ; which, if S be the longitude of 
that planet, Xj of Uranus, and A of the aphelion 
of Saturn, is S' 90* sin (S — » U + A) . 

For the other equations, see X.A Labde, Mt. itr. 
§ 3671. Also the New Tables, Vince, Mt. m. 
p. 106. 

The orbit of Uranus is also disturbed. The node 
moves backward at the rate 34".S5 annually-, and 
the apheIi(Hi forward at that of 2".d5. The eccen* 
iricity increases, and the secular variadoo of the 
greatest equation of the centre is + ll".OS, 

When, in the preceding Tables, a planet is r^resent- 
ed as producing a change in the place of iU node, 
it must be understood that it does not produce 
this effect b^ its action on its own orlnt, but tyr its 
action on the plane of the ecliptic. 

S7H. Comets, in describing their elliptic orbits 
round the Sun, haye been found to be disturbed 
by the action, of the larger planets, Jupiter and Sa- 
turn ; biit the great eccentricity of their orbits, 
makes it impossible, in the present state of mathe- 
matical science, to assign the quantity of that dis- 
turbance for an indefinite number of revolutions, 
(bough it may be done for a limited portion of 
S 4, time. 
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time, by confflde^lrig' thcorbit-JWian »Hip8is,,th|S 
elements of which are cohtinualiy cWngifig. 

Tdis U the 'method of !La Gbamge, and is followed i^ 
the Mecanique Celeste, "Part. i|. chap. 9. 

Dr Hallbt, y^ta he predict^ the rat^m «(. the co^ 
met of 168S, took into cDnnderation thedction of 
Jupiter, and concluded that it would increase the 
periodic time of the Comet a little more 'than a 
year ; he therefore fixed the time of the'>e-appe&r' 
ance to the end of the year 1758, or th^ heginning 

■ o^l75&. '■ ■■ ■ ■ " ^ 

■ He professed, however, to have maj« this caTculidJoif 
Tiastily, or, as he expresses it, levi calatno. Synop- 
sis of the Astronomy of CoTneta, 

■ S79. ClAiraOt, on calculating with great cqre 
and labour the eifects both of Jupiter and &tom, 
found that the return of the Com^t would be re- 
tarded 511 days by the former, and 100 by the 
latter; in consequence of which he foretold that its 
return to its perihelion would be on the 1 5th of 
April 1759. 

■ He s^id ^t th^ i^e time, that he mig^t be oiit ^ 
month in his calculation. The Comet actually 
reached its perihelion on the 13th of March, just 
J33 days earlier than was predicted ; thus affording 
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n; j,ijl»r^j!*inwkaMi*vfiiificatiMiofi«h«ilhcoiyafrCrfa. 

^ ^ T^lfU.^omet, njav be expected, agaio ^botft t)ie yeas 
1835., The investigations of L^ Fi,4ce ^111 ren- 
der it much easier to calculate the quantity bj- 
' vfaielt its arriratl may h^ anticipated or nftarded br 
the acdon of die planets. . . 

A Cornet^ which was observed in 1770, had a BaotioD. 
when carefuUy examined, which could not be re- 
' conciled with ^ {iarabolic orbit, but which might be 
represented hy an elliptic orbit of moderate eccen- 
tricity, in which it revolved in the ipace of five 
je^r» and eight montha. -This Coinet^ however, 
bad,pe^er been seen in any former revolu^on, nor 
his it been seen in any subsequent cme, , 

- fiCSQ^.I^rBuKKiiAiiDT, pn'trackig.|:lie.i>»t^of this 
Comet, found that between the years 1767 and 
J, 770, it bad been very near tp Jupiter, ^d ajg^in 
bad.coinc very ne^r to tbatplapet in i779; be 
tberefijre copjectured, that ^e disturbance of Ju- 
piter might have so altered its original, prbit, as_to 
render the Comet for a time visible from the 
parth ; and may have so changed it again, after 
one revolutioii, aS to reitorfe'the Cbmet to the same 
region in ."which it had formerly' moved.' This 
Tppnjectnre has been confirmed by'a careful appli- 

. cation of the formulas of the Mecanique Celeste. 

Mr 
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Ur BoBEBABDT fiiiiid khat. tlM Otwoet had come s* 
. near to Jupiter, betwces 1767 and 1770, that it 

may have been bit>ught from an orint of whicli the 
, semitranBTerse was 13.293, (that of the Earth's or- 
bit being 1% and in which it revolced in a period 

. . of 48.4iB6 years, to one in which the semitrans- 
verse was 3.178, and in which it revolved in five 
years and eight mobths, as it was at that tiitie ob- 

, ..^vqd to do. While revolving ia this orbit, it 
vame near to Jupiter again ; and its tine of revolu- 
tion, and its distance were so changed, that the lat- 
ter became 6,388, and the former 16 years. In 
this orbit it camiot, any more than in its first, 
come so near the Earth as to be viable. 

The preceding is the greatest instance of cUsturbance 
. that has yet been discovered among the bodies of 
our system, and furnishes a very happy and un- 
expected application of the theory of Gravitation. 

S81. Though the Comets are disturhed in so 
great a degree by the action of the Planets, they 
do not appear by their reaction to produce any 
Bensible effects. 

This must no doubt arise from the small quantity of 
matter which a Comet contains. 

The Comet of 1770 came so near to the Earth, as to 
have its periodic time increased by 2.046 days, ac- 
cording to La Flace's computation, and if it had 
been equal io mass to the Earth, it would have 
made 
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made an augmeotation of i^ IS" nearly in the length 
of the year. But U is certain, the same aatbor 
odds, that if an augmentation so great as even 
two seconds id the Iragtb of the year, had taken 
l^ace at that time, it would have been discovered 
fmm Dr Masselyne's observationH, irben compa- 
red by D& Lis bre for the construction of the New 
J^rotumuial TaUea. The ma» of the Comet, 
ther^ire, cannot have been j^sth of the mass of 
the Earth. 

Tfap same Comet passed Uirough th« midst of (ke sa- 
tellites of Jupiter without producing the smallest 
eflTect. Maxmiqwe Celeste, vol. iv. p.S50. 

It is reasonable, therefore, to think, that no material, 
or even sensible alteratioq has ever been produced 
in our system by the action of a Comet. 
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Sect. IV. ; 

PF THE DISTDRPANCES TFHICH THE SATELLITE^ 
,PF JUpifE]^ SHJTE^ FBRH THE ♦CT,W*** Of.OSfi 



S(13,.Tbe application „ of the jatne principles ts 

the satellite of Jifpiter, has fallf e?tp)ainA4 aP the 
irregularities which had been observed in their 
motions, and has reduced under known Iaw^5cve- 
ral others, of which the existence }tzi been indi- 
stinctly perceived. 

ik. ver]r retnaritoble relation taket plocfi bettreentlv 
maaii motkws of tfae first three s^IUtea* as r^ 
maiked § 18^; ihe paean motion of the fiist satel- 
lite + twice that of the third, being equal to three 
times the mean motion of the second, reckoning 
from any uiitant of time. La Place has iliewn, 
' Mtfoni^ CeleaU^iln it. dbwp. 8.4hat'if'tbe,primi< 
^ . - tne nteaQraotioa'ctf thete satelliteg i^k near this 
.1 proportion) tbcfr mutual acUpn on x»aa another, 
. 1 ' ~.''Dtast>iit'tiine'<hB^e-ltfO«ght about Em accunte con- 

formitytoi^ 

I* 



DiailizodbvGoOgle 



IfnitSlCAI. AStROHOUt. jjf^ 

It follows, that Long, lit Sat. — 3 Long. Sd Sat. + 
S lADg. 3d Sat. ^ a constant quantity ; and it has 
been found, sincti ever the satellites were observMlt 
that this constant q^aantit/ has been neerl; equal to 
180°: This last must be the result of original coit> 
sUtntion. 

1283. The fitst satellite mom nearly in the" 
plane pf Jupiter's equator, and has no eccentrici- 
ty except what is communicated to it from the' 
third and fourth j the irregularities of one of 
these small planets producing similar irregulari- 
ties in the rest.- It has beside an inequality chief- 
ly produced by the action' of the second, andcii'- 
cumscribed by the period of 437.659 dayr. 

284. The orbit of the second satellite moves on a 
fixed plane, to which it is inclined at an angle of 
S7'. 1 3", and on which its nodes have a retrograde 
motion, so that they complete a revolution ia 
S9-9'4 years. 

The motion of the nodes of thii.satellite is one «f th^ 
principal AUa that haye been used for determining 
the masses of the latellitefl, whieh are so necessar/ 
to be' Icnown in computing tJi«ir, distuHHuiecs. Thir 
. satellite has no eejMitdcitjr . .but what: it iderlver 
from tiie action of the third and fourth. 

285. The 
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S85. The third sHtellrce mor^s oil a- fixed plane 
'that Is between the equator and the wrbit of Jupi- 
'ter, and is inclined to that plane at an angle of 
' 12*.20'', its nodes making a tropical revolution, (re- 
trograde), in 141.739 years. 

The equator of Japiter is inclined to tlie plflae of his 
orbit, at ao angle of S^-y.^T"; tlie fixed ploHcs on 
whicb the planes of the orbits more, are detenni- 
ned by theory, and probably could ner^r be disco- 
vered by observation alone. 

296. The orbit of the third satellite is ecGentric ; 
but appears to have two distinct equations of the 
centre ; one which really arises from its own ec- 
centricity; and another, which theory shews to be 
an ema7iation from the equation of the centre of 
the fourth satellite. The first equation is refer- 
able to an apsis, which has an annual motion of 
2*'a6'3y forward in respect of the fixed stars; 
theSd equation is referable to the apsides of the 
4th sateUite. 

These two equations may be considered as forming 
one equation of the centre, referable to an apsis 
that has an irregular motion.' The two equations 
coincided in 1683, and the sum of their maxima was 
' 13' 16". ■ In 1777, the equetioDs were opposed, and 
their difference was 6' 6*. 

Obserratioaf 
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pljseri'ation aloae ted M. Waroki^iis to the know- 
ledge of tbese inequalities, but he.could kiot disco- 
ver the law. 

S87. The orbit of the fourth satellite moves on a 
6xed plane, to which it is inclined at an angle of 
14'58", and its nodes complete a syderial revolu- 
tion (backward) in 551 years. The fi^ed plane 
itself is inclined at an angle of 24' 33^ to the equa- 
tor of Jupiter ; the orbit is very pensibly elliptical 
and the line of the apsides has an annual motion of 
4* 34". 7. 

The motion rf the apsides of this satellite Is one of 
the principal data from which the quantities of mat- 
ter have been determined. 

288. If the mass of Jupiter be supposed unity, 
the mass of the 1st Sat. = .0000(73281 
oftlie,^d =; .0000232355 

of the 3d = .000p88497<i, 

of the 4th ~ .0000426591 . 
If the mass of the Earth be put = I , that of the third 
satellite wUl be found .037337, and the mass of 

■ the Moon is gg_^ == .014599. The quantity of 

matter in the-third sateffite is therefore about twice 

as great as that in the Moon. The fourth satellite is 

nearly 
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^^9. Odc ^Caenil lesuk.ef ' tbisa -liurestig^- 
tions is, that both in thesysttCm 6f l^tifliJl^wid se^ 
condary planets, two elements of every orbit re- 
main secure against all disturbance';'tlie medn'dii' 
tance, and the mean viotton, or, which is, the same; 
the. traDSveise asis of the orbh, apd tbit) (ifi^.pf the 
plaaet's rsvolutiorii AnoUie^ reeulbis, thafc.all the 
inequalities in the planetary iliofiiniB'arrc) puiodi- 
cal, and observe such laws that each of ihem, af- 
■ ter a certain time, run* through the same ■series of 
Changes. 

Erery inequaKty is eiprMsed by terms of, iqe fornd 
A sin N t or A cos n t ; where A is a constant cwf^ 
ficientj' and a a certain niultiplipr (rf t tbe tiiAe^'sS 
that n t is an arch b£ a cirde, whicli Incites ^i^ 
portionally to the time. Now, tdough fe^isfffttl 
>.' tapable of indefinite iacreaie, sinee siiMi n^er 
cBn.esc«edthe:jFadiiiio[l, theivp^iftiaiftitf thein- 
feqnality ia A. AccordiogTy, the vali^e.-o^tte term 
Asianf, fint iacre^es froita' ft to Av'M)4-.^c>i 
decrcMcs firem A t» 0;^ after wUeb icibed>lb«s nev 
gative, 
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.i^^riv.extendi to=: — A, and passes from thence 
to agun ; the period of all those cban^ depend* 
iag ^ It the miilt^lier of (. 

If ioto the value of any of the ineiiualities, a term of 

A 

One ftrm, Atanat, Snnt ' °' "^ ^^^ ^'"'"^ '^ ^ "'* 

were to enter, the inequality ho expressed, would 
~ cootimiaUy IncreaBe, and <be «r^ irf' the system 
- aaight fiaaHy be diq^yed. 

Xa GaAaac and La Pi-a^k* in demonstrating that no 
siicb terms as these last can enter into the ezpres* 
sion of the disturbances of the planets, made known 
one of the most important truths in j^ysical astro- 
nomy. They proved, that the system is stable: 
that it does not inrolve any principle of deatructioQ 
. , jn i^s^^ bat is calculated to endure for ever, un- 
. Jien l,he j^tioo-jof an external power is introdu- 
ced- 



, 290. This accurate compensation of the ineq'ua- 
Ijties of the planetary motions, depends on three 
cpoditiopiy. belonging to the primitive apd origiaal 
donstitutiiHi of the sj'stem ; 

J. Tkat the eccentricities of the orbits are all 
' Inconsiderable, or contained within very 
natrow Utnits: 
, 'Voi.^ T ■ . ^ 11, That 
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it "if hat the plarf^s all hidW Irf tlife sHWie 6i-. 

rection, as both primary and sScotiSiCiy dq 

from west to east : 
IIL Ttnre the plants 6f theiY ovbks ut but little 

inclined to one another. 

But for these three conditions, terms of the kind 
netttioned dbove would come iqt» the expres- 
^ton of tbe ioeiiualities, ^bicfa might Uierefore 
increase withcnit limit. 

These three conditions do not necessarily arise 
out of £he liature of motion or' 6f gravif^ion, 
or froni ttie action of any phj'iital tiHi&e with 
which we are acquainted. NeltHef tia they 
l9e considered as arising ffotn chance ;' for the 
probability is almost iafiniCe td one", that, 
without a cause particularly dlrffcted to that 
objecf, Eucli a corifo'fiAity iou\A not hkve ari- 
sen In the motions of th'irty-one ^tlf^f'ent bo- 
dies scattered over such a vast extend. 

The only explanation, therefore, that renubs, 
is, ihat all this w ike ttofk ofinltlUgence and 
design, direetiiig tke original eonstitiUioH of the 
st/steM, dnd impressing swck motimit 6n the patti 
as were calcnlattd ta givt tUtlililyta the uAtth* 
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Sect. V. 



OF THE ATTRACTJOW OF 5PHEIIES AND SPHE- 
ROIDS. 



S91. Xhe particles of matter being supposed to 
attract with forces inversely as the squares of the ' 
distances, the forces with which siratlar solids at- 
tract partides similarly situated with respect to 
theiD„are as any two homologous lines, or any two 
similarly situated lines in those solids. 

Tbb propositioR is euily proved of pyramids, aad 
Jjrugla of pyramids, of which the solid angle ia 
indefipitely gmall. From thence it U transfer- 
red to all solids which can be resolved into tfaf 
same number of similar pyramids, that is, to all si- 
milar solid*. M.ic;.AUHiN's /'/tutoiu, § 629. 

S99. The same law of attraction being supposed, 
a particle placed any where within a hollow shell 
of any thickness, contained between similar and 
similarly situated surfaces, will be in (quUihrio, or 
will be urged equally in all opposite directions. 

T 3 Thii 
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This follows readily froin the preee^ng. Theckkfap- 
plicatioD of the proposition is to spherical or sphe^ 
roidal crusts, 

A spheroid is a solid bounded by a surface generated 
br the revolution of an etlipsis about f!tiier«]ds. 

The matter of which the solids consist, is supposed in 
these propositions to be homogeneous. 

293. A particle placed any where without a 
Gphere, of which the parts attract, as in the last 
article, will be urged to the centre of the sphere, 
with a force that is as the quantity of matter 
in the sjAere, divided by the square (^.the distance 
from its centre. 

' PrtMcip- Math. lib. i. prop. 74. Simpson's Fluxioni, 
§3S0. 

If m be the mass of the sphere, x the dbtance of a 
particle &om the centre, the attraction is —^ . 

If the radius of the sphere = r, and the density of 
the matter contained in it = i, the quantity ef 

matter, or m = — s — r , and so the at^ractioa 



4<rr'd 
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: wben x = r, tfaU expresaioD becomes — g — * wbich 

ia therefore the attraction at the surface of (he 
sphere. 

The foPCe «f attraction oc of gravit]r at the surfaces of 
different spheres, are therefore as their densities 
multiplied into thtir radii. 

^94- The force with which A particle placed 
any where within a sphere, is urged toward the 
centte of the sphere, is proportional to its distance 
from that centre. 

From what goes before^ it is plain, that it ia not at- 
tracted hj any part of the sphere mors distant 
from the centre than itself. It ii therefoi'e attrac- 
ted on\j by the sphere at the stirface of trhich it is 
placed. 

295. If a particle be placed any where in the 
interior of ad elliptic spheroid ; and if through it 
there be described a spheroidal surface, similar 
and similarly situated to the surface of the sphe- 
roid, the particle will be urged only by the attrac- 
tion of the spheroid thus described, and the force 
of that attraction will be to the force acting on a 
particle similarly situated on the surface of the ex- 
T 3 terior 
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.terior Spheroid, as the transverse axis of the.intc-- 
rior to the transverse axis of the exterior sphe* 
. coid. 



296. If in an oblate spheroid differing littk from 
. .a sphere, 6 be the polar semiaxis, i + c the radius 
of the equator, and f the angle which a line 
drawn from the centre to a given point on the sur- 
face, makes with the axis of the spheroid, f the 
force with which the given point is attracted by 

th= sph«oW; f=^^ (l + t. 4=^)- . 

At the equator, -frhere ipi:9D, this fc«ome» 
*zi{t+'^ X?). At fcfSle, »*ere »=0, 



"° s-l' + i-i)- 



For a very eJementary demonstration of thb theorems- 
see the Notes on Newtos's Princtpia, by MADftHi 
Du Chastbubt, Pruicipa, Sic. toni. ii. p.Z37. 

297. If in an oblate spheroid, a be the semt 
transverse axis, and e the eccentricity of the ass- 
ridian ; then, if gravity at the surface, in the 

plane 
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(jiarie of the equator, be called g, the force of gra- 
vity at any distance 4^, from the centre, in the 
Same plane, will be , 

1 + ^JL + ■^'* . 
gxa^ Wx^ ^ 6 6x* 

I a* 00 a* 

Maclaurin's FiHxion», g 659. ,■*■ 

Suposmg t, as'in'thefMiiMr-erti^,.to'be'tbe,difle.i 
rence of -the two wmiai^es <^ \ke 
e'=%ac, an) tha.atioTe ttUI Iwppiw 
Sac 



it is evident from this, that the attraction of a sphe^ 
^^Qi0,_'in,^h:e,p^ft»e:^)f i^s ,eqwtO>r. ^doeSiPOt (^crease 
^M«tly ip the iiiiflfi>e ratip.of the^qu^i^ »f the di- 
JSfaDce; pawliy^^ccomit ^.sn;^U in^^^jtj ispro- 

" fljlced.iti (he ipiotion of .the sBtelljf^ heJflpging to 
.plairtls.^t a^ pot.enti^ely.flpbe^ic.^. ^)\e Moon 
is'su^ect to.aii,jiiequality aFJetng |ti:oqi.,t^ cause) 
}iU;4Ee,'i9Uo .the j^j^Jlites- of Ji^pUer. 



T4 
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Sect. VI, 



TlOUim OF THE EARTET. 



398< From observation it has alreadjr been infer- 
. red, that the Figure of the Earth is netrrl^ that of 
, an oblate spheroid, of which the greater axis, the 

diameter €>f the equator, is to the less, the axts of 

revolution, as SIS to 311. 

The itrict meaning of the pbrue, the Figure of the 
Eartk, has already been defined, and must be care- 
fally kept in view, in searching into the cause* 
which have determined it. 

Since the £arth revolves on its axis, ft is erident^ 
that its parts are all under the influence of a cea- 
trifugal force, proportional to their distances from 
that axis, and that if the mass were fluid, the 
columns toward the' equator, being composed of 
parts that are lighter, must extend in-'length, in 
order to balance the cfHutnns in the direitiMi t^tbe 
axis. Sj this means an oblatenen or elevation a£ 
the equator would be produced, similar, in some de- 
gree at least, to that which the Earth has befn 
found to possess. Though it is not evident how 
the centrifugal force would produce such an effec^ 
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on a Bolid baij like the Earth, it msjr throw some 
light on the matter, to inquire into the figure 
which a homogeneous flipd would put on, its parts 
being all supposed to gravitate to one another, and 
at the same time to be under the influence of a cen- 
trifugal force, by which they all tended to recede 
from an axis ^ven in position. 

To the equilibrium of a flnid mass, it is Uecessaiy 
that a9y tw« ^oldinna reaching to the sur&ce from 
anjppint in, the interior of the fluid, should ba- , 
lance one another, or should press equally on that . 
jioint. Conversely, when this is the case, bqweref, 
many the forces may be that act on the particlea of 
the fluid, the mass must remain in equilibrio. 

It follows from this, that the surface of a fluid is at 
every point perpendicular to the direction of the 
diagonal resulting from all t1ie forces which act at 
that point. 

S9d. This equnibrium of the columns will take 
place in a mass of homogeoeous fluid revolving on 
an .axis, if it. be formed into an oblate spheroid, 
such thjt.the, polar ^emjaxis js.to the radius of the 
equator, as the attraction at the equator diminish- 
ed by the centriEugal force at the Same place^ to 
the attraction at the pole. 

This proposition was first demonstrated by Maciau- 
" BIN. J7uxu»u, torn. II. § 636 to 641. 
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300. Hence the (fracEion 'Whith'-eKpfesses the el- 
Mpticity of the meridian; «T the exCessof -thcequa- 
torial ^bove the polar tadius, is to that which ex- 
presses the ratio of the .centrifugal force at the 
equuttor, to gravity at the same place, as ji to 4. 

This is also demonstiirted bjr Macxaurin, and follows 
readiLf;, irom (onspariiig .the ^t theorem with 
those tittfiiy «tat«d coltconMOj; .the attraction of 
sjiheroida* 

■ '991. TIk cetitrilttgri force is to the gnvitj at 
■ the equator, nearly as !■ tw289. 

A body under the equator falls in a second fhrongli 
'IS.6dlS 'French feet, as ia condnded from the 
length of the Jtcnduhlm vibrating seconds. 

j^ow the ceatrifngal force is tMtwirefi by the 
deflection of a bodjr from the tangent produ- 
ced by the Earth's - rotation in 1 secoOd. But , 
a point of the equator in a second of mean solar 
time, describes an arch of 1A^.04I7 of a degree; 
•tbe-rened sine Of which, multiplied iatothe rediutf 
Of the «qoatori in Freach feet, gives ^he d«fiec- 

iion, which is found to he -^x of .the ^ect de- 



293. A 
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. 952. A hDmogeaeous fluid, therefore, of the 
Same mean density with the Earthy ^nd revolving 
.OD aa ajxit in the space of j3^5€'°-l*" of solar 
tii]3e,.wouM )t& in ■efuUiliTio if it Jiad the figure of 
Aa.otdatc spbcmid, of vrhkb the axis was to the 
ci|ii^«rial diameter &e £30 to ££9. 

This is accordinig^ the igoK whitii Nivtsn sscribe« 
to the Earth, firtxcip. lib- 3. |Sh>p. 19. 

tti the «phn<^' tinM coiMtHutiefl, tlie graritation at 
"flie equHtOr ■»&' be tw th»t rt the pole as S2d to 
■"^; awl if g- 1»« Ae gnnitirti6n at the equator, 
and gf that at attj ofther pbmt, of whit* the lati-* 

tude ia a, ^'=J [l + ■mo") ' "^ if / U the • 

length of the pendiihita that vihrates seconds at the' 
equatac*.aiid tiiue length of^ peitdulum ihat doer 

the same in Ut. a, >= I (l + ^) . 

J^BWuoR^ ioveiUgation of the figure of the Earth, 

though Tery ingenious, involved some asaumpttoBr 
- whii^ prevented it from being quite latiafactory. 

A reiy accOTtrteraB ■elegaot demonstration was af- 
' Cerwudi given hy Mmu.aumn; and theinvestiga- 

liao was improyed and rendered more finajytioal 

hy CLi.Hu«T, Jf jg-, 4e ia Tierrt. 
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But though it was thus demonstrated that the parttf 
of a homogeneous fluid, on wbich the figure of tfae 
oblate spheroid just described wad anyhow'indu- 
ced, would be in eqvilibrio, yet it was not shewti 
conversely, that, whenever an equilibrium takea 
place in such a fluid mass, the figure of the maM 
must be the oblate spheroid in question. , D'Alu- 
BERT indeed shewed, th^t there are more sphe- 
' roids than one in which the state of equiltltrium 
may be maintained ; and this result, tbou^ it was 
not obserred by Maclaurim, might have been in- 
ferred from bis solution. Ls Gkitors afterwards 
.{ffovfld, that the solida of oqwlibriwn must idwir^ 
be el^itic pphenuds, and that jut g ei^enl there are 
two spheroids which satisfy the conditions, , 

In thi'case'of a homogeneous mata of the mean den- 
sity of the Earth, rerolring in the space of 33^ 56^ 
4*, one of the spheroids is that which has been 
mentioned ; the other, is one in which the equato- 
riid diameter ia to the polar, a« ftSl to 1. Mho. 
Jcai. da Sdencet, 1784. Li Flack has added 
the limitation which fi^ws. 



303. A fluid ami homogeneous mass, . of the 
mean density of the Earth, cannot be in equili- 
brium with an elliptic figure, if the time of jts ro- 
tation be less than fl"" SS" 17"~ ; if the time of re- 
volution is greater than this, there will always be 

■ two 
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tfff>, ^ptic.spheEoids, ai}d not more* in which an 
equilibriiioi may be ^naintained. 

If the density of tbe fluid is greater than the mean 
density of the Earth, the, titne of rotation with 
which the equilibrium ceases to be possible, b had, 
hy dividing ^^ 23°^ 17««= by the square root of tha 

._ fiensity; of the fluid, that of the Earth being unity. 
La Place, Theorie du MouvenKnt et de la Figure 
'[ dei Plajiela, Paris, 1784, ^ 126. 

804. If the fluid msss, supposed to revolve on its 
axis, be not homogeneous, but be composed of 
strata that increase in density toward the centre ; 
the solid of equilibrium wiU still be an eUiptic 
fipheroid,'biit of less oblateness than if it were ho- 
WK^eneous.' 

This was demoostrated by Clajraut, Themt, &c. 
Ncwxoii &U Into the mistake of suf^wsing the 
contrary to be the can, (a thst^the. gnntfic densi- 
ty toward the centre, would be accompanied with 
greater oblateness. If the density increase, sq as 
at ^e centre to be infinite, the elliptidty is 

2TS^ ~ 578 * ^*"**' " *'^ *"* ***^ **" ^**** ^' 

)ipticity. ^^ is the case of the greatest- 

S96' HentQ 
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305. Hence, as the ellipticity of the Earth ha« 

been shewn to be less than jj^, (viz. -^r^ near- 

Jy),'it is evident, that if the Earth is a spheroid of 
equilibrium, it is denser toward the interior, 

TBe greater density of the Earth toward the centre, 
is in itself probable, and bis been put beyond all 
doubt by very accurate experiments, made on the 
sides of the mountain SchehaHien in Perthshire, t^ 
^e late Dr Maikelvhe. 

Py observations of the zenith distanced of stars,' 
nwde oa the south and north sides of that moun- 
tain, the difierepce of the latitude pf tw* stations 
was determined. A trigonoinetrical surrey of the 
mountain, ascertained the distance between the 
same two points, and thence, from the known 
length of a degree of the meridian, under tliat pa- 
rallet, the difference of the latitude of the stations 
was again inferred, arid was fo«nd lets Wf ll".fi 
t^an by the astrononieal obserralionaw 

The zeniths of the stations had therefore been sepa- 
rated from one another more than in the usual pro- 
portion of the meridiab dutance; and this tould 
only arise from the plummet on each side, be- 

. ing attracted toward the body of the mountain. 
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Frot» ihs. quapt4; o^ tjiis cbao^eof dir«ctjoq^ the ra< 
tio of the attraction of the mountain' to the attrac- 
tion of the whole Earth, or to the force of gravity, 
was foliffd to be thkt of I to ITSO*. 

TtiEf.boHi and' figw&vf the mountain being ako giren 

from the survey, the mean density of the sioan- 

tain WW fbutid to be to the meae doisity of the 

Earth nearly as 5 to 9. Phit. Trans. toI. txvm. 

' p> Wl^ lAibo HmoN^ TracU, rol. hi. p. Ce. 

vThe mean density of the Earth, is therefore nearly 
double the density of the rocks which compose Sche- 
iiallien, whicli seem again to be considerably more 
dense than the mean of thos$ which form the exte- 
rior crust of the Earth. Phil. Trans. 1811, 
p. 374. 

306. If the density of the Earth increase toward 
th€ ijejitre, the ellipticity of the spheroid, and the 
(linviauti&n of gravity from fbe pole to the equa- 
tor will not both beexpresicd by the same fraction 
fis in the case of the homogeneous ;phepoid, but the 
sum of the two fractions will always be equal to 

the same quantity, vii. —c or .008695 . 



*riiil'thet>nra wai first giren by CLAntAUT, Md Is qf 
great ute, M serving to explain the connexion be- 
Iweeo tbfl ^ipUfity, as sacsrtaiued from the mea- 
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nirement of degrees, awl from experimeBts witJi 
tbe pendulum. 

Ai, in the actual figure o£ the Eaitli, tbe compremon, 
or the ellipticltj, ii aearlj .0032, § 60. if we take 
this from .OOS096> the remiunder, .00M0£, or 

W3 1 is the diminutum of grant; from tbe pole to 

the .eqiMt(M*^ And tbe graritation at any other 
point of the spheroid, ii g (1 + .00M9A sin' a), 
g being the gravitj at the equator. The length of 
an iiocronous pendulum is expressed hy tbe Bame 
ftrmula. This agrees nearly with the observation! 
oD the Ifogth of fhe pendulum in diiferent latitudes. 
See a Table of them, Vixce, Jh. vol. u. p. 105. 
La Landk, Jal. § 2713. Biot, Ast. tom. iti. 
p. 148. 

Tbe lengths ofthe pendulum in different latitudes, are 
less subject to irregularities than the lengths of de- 
grees ; the intenalty of gravitj being, as mi^t be 
expected, less affected by local Tariationi than its 
direction. 

807' The inequalities on the surface of the 
Earth, and the unequal'distfibutionbf the rocks 
which compose it, with respect to density, must 
produce great local irfegularilies in the direction 
of the plumb-line, and arc probably the causes of 
' the inequalities observed in the measurement of 
contiguous 
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fcrmt^UmH tfi%h«s of i*e meri<Kaft, eveti where thd 
trork has beeh olmdBctfcd ^ith tlVe gifeatC'st skill 
and accuracy. 

m>is exemplified in trie ^eU arcJi of t^e meridian 

' measured across I^rance ; and in those measured ib 

lEngland and Hindostan. The cause may be aomt- 

thing concealed unJcr the surface, which can at 

~ pretetat only-lie a nbje^ of h^potiiefical, or^ at 

- b^, i)f Anttlrffital r^UtUhig. 

T'bese inrcgularities ai% so connderable, that th« 
<ylw wM iwliich agteei bntwith ilw itpies in 

Franoe> i»one Imvlng an eUipti^jr of .-~ , near- 
ly double of what may be accounted the meui eK 
lipticity. 



308. THe ai^pfoximation whictf, notwitJistaiid- 
ing these ictegularities, the figure of the Earth hai 
fnade to the spheroid of equilibrium, cannot, in 
a consistency with other appbarances, be ascri- 
bed tqiu having.lfew oQcc in a fliiid state. 

Tb#i)A tfte acUpn if wttter ouy: be evidently traced 

in the focmatioa of those stratiiied rocks which 

Voi>. IL U . compose' 
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leoippoip to lMgb_ a ptopai^f» of tbfl £Hth> mt- 
I. , fiw ; it is of w«tecj traiisporUng or dep^titiog the' 
Sngaeais and delritUM of solid bodies. With re- 
gard to those rocks that contain no Eucb detritus^ 
but bare the character <^ crjretaUization is s great- 
er or less degree, it is not evident that thej' Kte mf^ 
aqueous fortnatioir. The only action of water^ 
then, of whic^ we have any distinct evidence in the 
Batoral history of the globe, is partial and h>calf 
and tberefote insufficient to account -for the sphe- 
Yoidal figure of the Earth. 

■ 309t If in a tcnaqmoDs hody, kowevm aregv- 
lar in its prinutiTe fb<m, the prominent parts 
are -eubject to be worn down, and tbe detntua to 
lie cftrried to the lower parts, occupied b^ water, 
lilietc they acquire a horizontal stratification, and 
are, bj certain mineral operations, afterwards con- 
solidated into stone -, such a body, in the course 
of ages, piust acquire a surface every where at 
right angles to the direction of gravity, and con- 
sequently more or less approxtmating to a sphe- 
noid of equilibrium. 

The natural bistbry of tBe Earth gives great coun- 
tenance to the suppositions here introduced ; nhidi 
therefore seeia to furnish Uie most rotioiud 'ex[^ 
nation of the ellipticity belonging to the %lulh, and- 
to the planet* that are known to revolve on their 
axes. 
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"Tlie distribution of the solid materids in tke interior 
6f the BUrtii, will vfrry much affect tlie nature of 
this solid, and the manner in wbidi the figure is 
acquired, must pr«bl^lj prereot the approxima< 
iion from ever being complete. 

Tlte di^ibuti«D a£ the materials ei tcy, distmce un- 
der the surface is iinkoowif; and we liave no means 
v£ examining into it, but by the measiireinent of 
d4gt¥«4> .or l^ expn^acp^ on tbe peodt^g'^i "°^ 
. on tbe pli^pob-line^li^e tbos«^t ScfaehaUin. , 

Sia On tMa whole. tUt factfikriowi^ from 0tl4 , 
benatHHi, about t^ figure of. the £diitb^ agree in . 
general witb theory ^ trat tbe^ are in the expcw- 
ftioRS Qf that theoiy, spr many «|uaotitie£ which Vto- ~ 
^ct indeterminate, that die perfect coincidence, of : 
the tTTO-cannot be affifmed.- 



iS a SecTv 
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Sect. Vlt. 

OF THE PRBCE83FON OF EQUINOXES* 

$il. The prelcession of theequinoxe?, isthedow 
angular motion by vhlch'tbe utersectioftof the 
eqirator and ecliptic goes backward, at the rate of 
^0*^ anoualfy ; wh^ the incKnation of these 
planes continues nearly the same ; sd tbat the 
pole of the equator describes a cifcle about the 
pole of the ecliptic in the space of fif746 years 
nearly. 

Id seeking for the cause of this phenomenos, it is am- 
tiiral to inquire how the gravitation toward distant 
bodiies, such as tlw^ Sub and Moon, may affect the- 
llarth^s retati<»i tn. its axis. 

' SIS. From what has been proved of the force 
with which the Sun lUsturbs^ the motion of the 
Moc»i, k is evident, that every particle in that he- 
misphere of the Earth which is turned toward the 
Sti^ni.is drawn toward that body, while every par- 
tfcjk Jn the other hemisphere, is drawn in the op- 
posite direction, the fbfce that acts on any particle 

beinff 
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beifig as ks distance from the'plane that separates 
these hemispheres. 

From this it foBomi, that if tbe Earth were a perfect 
sphere, the solar forces acting on the oppMite he- 
niispho'eB, would exactlj bolasce one another, 
and could produce no motion in the Earth or it* 

' axis. ' 



418. Tbe Earth may be conudered as a sphere 
circumscribed' hy a ipheroidai shell or OKnucuh 
thickest at the equator. The tendency of the Sun's 
action on this meniscus, except at the tioie of -the 
equinoxes, is always to make it tu;3i round. the 
intersection of the equator with the ecliptic^. to> 
wards the plane of this latter circle. .. , , .v,. 

Ji'or the matter of the meniscus may be regorJ^u 
jbrming a ring round- the Earth, in the plane of the 
' equator. Now, the solar force acting o^i the part of 
.. ~ this ring that is ^bove tbe, ecliptic, magi .at eiecj 
point be resolved intq two ; oife of which if in the 
plane of the equator, and the other perpendicular 
to it. The result of all the latter, must be a force 
tending to impress on the ring a motioa round its 
intersection with the ediptio; The same hcdds of 
tbe half of the ring that is under the ediptici .fl 

' Sh: Hence, if theccpiatbi'haa rio othifr moflbtf, 
■jt would turn round its ihtcrsetitidri Witli'tltKeifcht*^ 
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fic, tfU it coincided with Uiat plane ; the line of 
fiieir intersection remaining all the wlnlcst rest. 

The mean quahtkj ^f tbeiplar ifoR¥ which is thus ' 

deoomposed, it —^ reaii, vrhere ^ is the mass 

of the Sun, a the meap distance of ^e Sun front 
the Earth, r the radius of the equator, an^ ) the 
declination of the Sijd. 

Tbeftart of, dus'ftrce which is-perpe^iiniUr to the 
pkne of the equa^, and which ^ds to mal(9 it 
move roiud the line of its nodes, i| 



- 315. As; the pag wluch sqrroua^s the eq!fatof, 
at Uie G^me time that it has the tendency just d^ 
scribed, fcvotves oif an aitift peipendicvkr to it^ 
pktne in twei^ty-fonr hours, it will oat resolve on 
either of these axes, but on ime in the eamp plan^ 
which divides the angle between 'them, so th^t 
the sine of its angular distance from each a^is, is 
"jn the inverse r^tio of (be angular yelocity round 
(hat axis. 

|f the areh, round the istersectKHi of tlw eqaatof 
fad ecliplici which the lohw force acting i^ioii the 
rjng or the meniscus, woidd make the Earth de- 
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Mribela t an nidefinitelj flmall portian <^tilne,'6e'- 
9; and if tiie angle desciflied in the Miae timely . 
the diumsl rerolQilon be v, the «x!b of that rev»- 
hitroD will he ctianged hj an angle of TrMch the Un- 

• gent is ~ . 

The substitution of the tangent for the ratio of the 
two sines mentioned in the proposition, is made, 
' because the angle which the axis of the diurnal ic- 
vobltloB »alle» with tibe iati}rsecUoD,of the aqua- 
tot and Bcliptic, Is a right anglei 

316. If the force which produces tlu motion f, 
were, like that which produces the motion v, a 
force that acts only once, and leaves its effect to 
continue \t»ithout diminution or increase, the 
change thus made in the position of the Earth's 
axis would be permanent, and no farther variation 
would take place ; but the force that produces f 
being.one that acts oontinuaily, with-more-oc less 
intensity, the quantity f is continually rcoewed,' 
and the position of the Earth's axis is subject to ■■ 
continual change. 

The lelatio* betwein the momeBtaiy preeesnon and 
p, Ae iiiemeBt«i7 ^ange in ' Ae pMiUdaOf -the 
tndsi willbeiMde'plain by«diignni.' rif 

U* " ■ " -Let 
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. X«t ABp, (£«. 97) be the aoljptw ; tbe aifd«v,ef the 
let#rt 4t> ^ Ci.inHHuqig.th^i>rder of die a^s ; bo 
tbst if A Iv the Ternal>. B is the autumnal equi- 
nox i A6B a cirple perpendicular to the ecliptic ; 
G the ptole of the ecliptic ; P the pole of the equs- 
(jor ; and APB the equinoxial colure. ' H6=:GK=; 
the obliquity of the ecliptic ; HPG s pu-allel to 
the ecliptic passing through tfae pole of the equa> 

tor. ; 

The equator k not tvpresented in this figure; but 
(belmir of it, o*the aide turned *oW(*d-'tte eye, 
is supposed to be under the ecliptic ; its plane being 
ft right angles to FF. ' 

, Vhe change which the motion 9 makes on the pole 
. F, tends to bring it nearer to A- For the diurnal 
revolution about the axis FU, being in the direc- 
tion ABC, and the motion abo^it the ^xis AB be- 
ing in the direction FG^ it will be in the quadrant 
Pa thai these motions will be opposed, so as at a 
certain point P* (and in all the points of the line 
P*D) to destroy one another. PF is the 8r<ih, of 
Vbieh the-tangent has already- ■ been 4wwd to 



u- 



If now 9 great circle be described from the pole P', 
. it wiH be;tfae neir equatoi^ «od thtpmnt ip-which 

,-'- JtariLlio^nect.tbe epUptiCf.saU ht^e n^if eqni- 
.,fiox. . The i^stioi;^«f.tl^ae0insUyarJ8Uoi^4o one 
„/ another^ 
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anotlwr, will he'but acta by projeetiog'a'^SFtof 
tbe drclw on a-plMi& toitdilti^ tbe'Btttii ttr A. 

If AC ^Gg. 27. N" 2.) be a vmall part q( the, ecliptic 
jr^ireaentad hy a struct line.; AF. » ltl(e psrtion 

■. pf ^^t Bolstjtiql Kxiufe ; iind AQ of the eq}iator. 
Thea if AA' be tulpes equal to FPVin the fprmer 
figure } and if ^'C ^e draws perpendicular to A'P', 
It will represent the new equator ; and AC, which is 
evidentlj in antecedaUia, viU represent the precea- 

•ioD, cod wiU be xiPF' m ■ - K t xs < i.. f ... i\ . 
sin obi. V sin obi. 

The Earth, Jiowerer, cannot pennanently rerohe 
about any diameter that is oblique to tbe plane of 
the ring, because the centrifugal forces on opposite 
sides of such a diameter would hot balance on« 
another, and must therefore tend to bring the 
planv of the png to be perpendicular to the new 
axis qf rotation, or to make the primitive axis of 
tbe diurnal rotation coincide with tbe latter. 

^hewhAle system of t^uige, thewfore, will' begin 
«>ew, as in tbe fbrmer caae, sad ^the pale of the 
equator will constantly move m anUtxdentia touad 
G. But the ^nrve in which it will mtive is the 
circle HP£ ; for as the great circle AFB toucbea 
thy last in P, and as the arcb PF U vpf^ small, P 
will deviate froift the drcumference of tbe latter 
«rcle, only by a quant% that Is tvanescentin re- 
ppejt fff FY' ' P* will therefiffe describe a' circle 
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roandG, movisg nt anUotdrntUOt at theMiiu rat? 
with tke 1(D^ cf the eqaiwotei. 



317. If, therefore, tbe equator had recreired no 
motion but from the sobt force, its incUnatioD to 
the ecliptic wouldhdve changed' contimially ; but 
the line of its intersection with that circle would 
have remained at rest. In catisequence of tbe diur- 
nal revolution, this effect is entirely reversed ; the 
inclination-of th^ two planes reanaios ooo^aat, and 
^eir intersection continually revolves. 

This paradox is remarked by La Puce, Syitemc tbt 
Monde, p. 870. His solntion of it U not so eler 
meiitary that it coijld be adopted here.. 

318. In order to calculate the precise measures 
of the different actions that have i^ow been traced, 
the momentum with which the solar force would 
make the spheroidal pietmau already ni£erred to, 
begin to revolve about the line of tbe equinoxes, 
supposing it to have no other motion, must be de- 
termined ; the whole of the terrestrial spheroid 
must tend to revolve about the said axis with a 
momentum just equal to this quantity. 

NiwTON, who firat Fesolred the problem of the pre- 
iCesuoQ, WBI in an error with respect te' dtia part 
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pC die inrestigation, svppoiiiig that it wa« the 
- fiuantity ef m$^it (sot ^ numMuM) that must be 
<equal in the meniscus and id the entire spheroid^ 
D^^LBriSEBT waa the ^rst v.ho corrected t)iu mis- 
take. 



When Ihe angjilar motioij is counted, t being the 
time of the diurnal, t of the annual rerolution of 
the Earth, c the compassion at the poles, and a the 
radhis of the equator, ) the declination of the 

Sw; It is found that - 



This is the tame with Siupsoir's Theorem,- Jfi^^At- 
1U&IU Troctt, London, 17&7, Frob. 3. p. 14. 

Kext, supposing t and i to vary, so as to get tha 
fluxion of the precession, and afterwards integra- 
ting, the precession for an entire y eai^ is found 

= 360 X J^ X - cos Obi. SiHFSQvJibid. p. 17, 

JTroni this, Siwpsotir compute the precession arising 
from the Sun> action, supposing (he Earth' to be 8 

' 231 ' 

be %l".l . Profenor R(»«rtson of Ox&rd makes 
the precession Sr.OS. PhU. Tnau. 1907, p. 83. 
Frisius makes it 31*.^ on the sam^ hypothesis, 
'^lytaria DiumiAfoii*: Opera, torn- 1". p. 288. 
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have seen Uiat its true ydue is ^-^ ., The quan- 
tity of the precession dimioisaed in this ratio is 

319. The Moon produces a simiUr retrograda- 
tioo in the iaterscction of the equator with the 
pkne of the lunar orbit, which, being propomonal 
-to tb« cosine o£ the inclination, of, tlteniplanes, is 
subject to contiDUftl vatriation^ but the mean 
quantity of the precession which is thus produced, 
relatively to flie ecliptic, is the same as if the 
Moon, moved in the plane of that circle. 

La Plage, Sytteme du Jfmide, lir. 4<*m, c&sp. 13. 
• p. 271.2deedit. 

If the precessi<m due to the Sun^s foree he lSf.3, that 
nhit^ is produced hy- the Moon H 33^; wfiich is 
to the fonner neaply n 7 to 3. . If thb «ffitct«f 
the Sun were reduced to HAi tbstinf illib Uxbu 
would be triple of it, which is agreeable to ^w 1&. 
test results deduced from the theoiy of the tides, 
,a3 Will be seen in the nest section. 
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. , S20. Th,p:afti<ffK,oi t\(P Moon prgduccs ^Isp aa 
inequality which diminisbes the precession by a 
quantity proportional to the sign of the distance 
of the Moon's ascending node from the vernal 
equinox; and, besides this, a diminution in the 
obliquity of the ecliptic, proportioilal to the co- 
sine of the said distance. 

These two inequalities conatitute tl^e Nutrition; and 
th* result here stated from the theory of gratita- 
tton, b contbrmable to ihat ^hich was before gi- 
ven trma obserTaUDn,-§ 818. Conformably to what 

' b aaid there, these two inequalities may be eX' 
■ ■ pnued t^ th^ revdutimi ef the extremity of the 
(. . £arthV»xi> prodnctd to the ;HeamBS,jaed descid- 
bing an -ellipse, as there r^resent^ ; of vvhich the 
greater axis is to the less, as the cosine of the obU' 
quity of the ecl!(>tic to the cosine of twice that 
obliquity. ' 

39 1. The precession, on acconnt of variations 
in the solar action, -as weU as in:the lanar force, is 
subject to some inequalities, not included in the 
precedtog theorems. 

The amount of the precessiou, including all these ine< 
qualities, may be eakulated for any period of time, 
by a formula given in the Mecanique Cdeate, wbichj 
reduced to the sexagesimal notation, is 
5(r.412 X t — 4686" sin. r.394. X i + 
129M>inl".4298x(. 
t is the number of years reckoned from 1750. 
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Aa the «nniui( preaittsloa is ndt dvrays' tbe' Mme, tb^ 
length of tbe tropicd T'o^i M' remote Bged^ hu been 
Bomewhat different frolm vhat it is At present, ii^ 
tlie age of HtPPAKcnua, it vraa RbontlO' longet. 
'Ihe Byderiol jreer, as dresdj obpcrvcdf retmdos itr- 
tariable. 



Diurnal Rotation. 

32S. The vdoicitf <^ the Earth^s i:ota&>ii on its 
axis, or tlie length of the day,- js not affected bj 
the action of <he Sun ci Moon, in such a de- 
gree as can erer become sensibk:, ervea. to the ni- 
ecst observation. 

S^iteme da Mondtt p. 27JI. Tlie^HpuA iii«qualitie8 stf 
produced, do not acctimiUaCe by tiina^ but quickly 
compeosale one anetlier. 

3SS. The nuttiom of bod^ oear xht surface of 
the Earth, tend,. in some oases, to akenthe veloci- 
ty of the diumel rotation^ but.if thMe motions 
arc only such as we at prfisenf perceiTe, theif ef- 
fects, like the preceding, mu$c forever QBOwia in* 
sensible. 

A bo^ vblcb,' by diesffeo^g &ofn a liei^bf, or by 
moving from the equatOT toward the p61es, comes 
nearer to tbe Earths ssis,- tends to accelerate the 
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taoUoa tbaut that a±U, b«»oS6 it brings Irlth it, 
into its.n«Tr situatioi^ more T^Dcit;f tiien itcan re- 
tain, and mast, therefore ,conununic8te a part fif it 
to the general mass. Xbe contnry happens when 
a bpd^. recedes from the axi^ and the quantity of 
ihfe Acceleration or retardation thus produced, may 
t>e calculated, on the principle, that the total momen- 
fnrh of the Earth must remain Ilia same, sotwith^ 
standing of any cbaage tJiat cur arise from t&e ac- 
tion of its parts on one another. 

Fcoln tUs it folUmi Aat Ef abf bvif^ obanige Us dis^ 
: taooelfrant'th'eaxiii tUm«t0DtMaof rotation of 
. tfte whoh) Earth, is to Ae change kt Am toAmen* 
tum of roCation of the body, as the tAoaty of thc^ 
diurnal rotation to Ae variation in that velocity,- 
arising from the motion of the body. 

M the first -of -Ukese tamn- ik inbbmtrarafaly j^ter' 
ibmk the* seeoMd, '^ liiust (he fehirfl he thmi the 
fcwth. 

Hence^ in the* degradation of mountains, anif in the' 

carfyii^ of fnattef by the rains from a higher tb a 

t fawcr level, tfaoi^ Cbcw are effects that 'go '«n 

'coatina^y, tiie aiMonQt caitAerer bcEO great.as tor 

beaensiUe. 

ttt soine casrt, eVett thesfe fflnkU cAianges are Im-' 
mediately compensated. The constant current 
in! the atmosphere, from the. poles to the equa- 
tor, is counteracted, in the. retard^tic^.ittends^ 
,tO prodnce, by the contrary current, which, in the 
8iq>erioiF' 
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Mqierior n;gLoiu of the. aift sets fiwn dui «quftto^' 
towwil tiie poles. 



324. In former ages, 'however, if t^e changes 
that have happened on the surface, or in the inte- 
rior of the Earth, have be&D as great as ^ipc Geo- 
logists suppose, the change in the dturosl rrotetion 
TOMy have been considerable. ^ 

If the oceui oDce stoocf at ihe height Of 15,000 feet 
tibate its pmant'lercl, a<i]uftiitit)ri«qaat''i» bulk to 
a MOUi part cf tkv wMe £vtb,inMt hwe pasaed 
fimaabeiBg above tiie le*d of :die preveifl ms to be 
under H. 

If ttie mean deosity of wat«r were the game with 
that of the Earth, it may be calculated easily, that 
the time of the diurnal reT^ution must, on this 
Mcount be shortened by fim.ogg. Aa the Earth's 
mean density is to that of water nearly m 41.71 to 
1, this aCcderation is reduced tp I»> l^*'. 

3Si. The changes on the sttrAce, or in the in- 
terior of the Earth, may hnve -prodticed great 
changes in the poatum of the Earth's axis, rela- 
tively to the Earth itself, as well as in thb time of 
ths diuriuU routicai. 

If the Sarin had originally a veiy irregul^ Qgore ; 
and if, ai above niggeated, it has acquired its pre- 
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Mnt fbrm, bjr the wetuing down of tke more pik>> 
•* Mibetit parts, Mid tbeir snt»eqtiene cdnstiKdaticm^ 
the form (^ horizontal strata, the axis of the 
Earth>i rctsUon may have been very difFerent from 
what it now is ; it may bare gone tfafough a long 
series of changes, and may have carried tbe equa- 
tor, and tiie aecutnulation of waters which accom- 
■ paiiied it, over regions from ythtch ihej are now fer 
distant. ' ' ' 

^any facts 'm the nabiral bistory of the Earth, and 
of the aunerid lringdoiB» give eouotenaece to these 
' aapfoutiaan and 'if it -b« .tra» , that -die 'more n- 
«ieaiatfat» imire Imea wet ob eige, Hoi iiutt conti- 
. >^qiB^ twTf -betn ratted «p by the Mtio* vf an ex- 
pansive force in tbe interior of the Earth, such ac- 
tion may have materially assisted in changing the 
|Waitum of Ae EMrth's oxig. 



ObUquity of tks EcSpiic. > 

385. Th^ p<(iMtic8» of . the fcliptic is subjeet to 
phaoge.by the action of the plaoets ; each of them 
prpdi»cjog « F^fegffiifie in«Uon-in tfce irtttwection 
of the plane of the ecliptic-witfa..&e.plane'of its 
own orbij. This does not affeettbe inclinatioft 4f 
these two planes, nor does it affect the plape of the 
^qtwto'r, but it hcTertheless cHai^ges the ijiclina- 
-*VoL.n.- - X '■ tion 
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tioo.of ttiA ecliptic to the dquator, and tdso the 
" line of their intersection! < ' ■ 

This change ia jthp iDpliaatipo, ,^u) in the positioq 
of the line of the fqujiipzes, i^ easily deduced by 
spherical trigonometry p-om, the fetrogradMion of 
the, intersection of, the , two plasea, and from the 
roastancy of their inclination. See La Landk, 
Mlron. § 2751, &c. 

8i6. The variations in the obliquity of the 
ecliptic, thus pcoduced, are among the number of 
the secular inequalities which have long periods, 
and, after reaching a msiimum, returnin a con- 
trary direction. 

As far hack as observation goes, .the obUqaity of the 
ecliptic has been diminishing, and is doing so at 
present, by b^ in a century ; it will not, however, 
always continue to diminish, but in the course of 
ages irill agai^ increase, pscllIat.iDg backwards and 
forwards ou each side of a mean, from which it ne- 
ver -can depart far. 

The secular variation of the obliquity Was less in an- 
cient times than'it is at present; it is how neaf- its 
maximum, and will begin to decrease In the S3d 
century of oiir era. 

I^A Granoe has shewn, that the total change of the 

q^liquity, reckoning from that in 1700, must be 

less than 6° 2S' ; Mhn. Acad, de Btrlin, 1782. 

p. 28*. 
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p. 8M. . lAkoy ihat' :tlie chui|;«gin the indinfttioBa 
of the planetary orbits, are alL perioffical, and can- 
not cany ihe planes of those orbits beyond the li- 
mits of the zodiac, or B"' on either ride of the eclip- 
tic. By tbf ret'rdgradations of the nodes of the 
ecliptic and tlie planetary orbits, the preoe&sion of 
the equinoxes is dinlinished by a small quantity, 
which is at present about 0''.361 annually. Hid. 
p. S81. All this is quite independent of the figure 
pf the £arth, and would be the same though the 
^arth were truly sphericpl. 



tmti first solntion of die problem of the Fi^cetsion was 
pven by Newton, Princip. lib. iir. prop. 39. It is 
not free from terror ; jMit it displays, in a strong light, 
the resources of geniijs contending with the imper- 
fections of a science npt sufficiently advanfLed for so 
arduous an investigation. One mistake has already 
been pointed out, § 318 ; another consisted in suppo- 
sing, that the motion of the uodes of the Ring siu*- 
rounding the equator, must be the same with those of 
the Mooji) allowing for the diilerent time of rotation, 
and the different inclination to the ecliptic. 

S^Alembbrt corrected these mistakes, and gave an ac- 
curate, though prolix solution, which also compre- 
fiended iji it the theory of ihe Nutation. Prtattion 
X 2 ia 
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dig JEquftoxet, Puis, 1749. A lUutJob equally cor* 
rect *nd original, was given «hMtt Mit •tnte time by 

Two splutiont, in tlt« P/dlosophj'aat T^ttn^vcfiona for 
1754 and. 1756, contiiiuei] to {oUov the,,n^(bod of 
Newton, T^Iie lirst of these was by Sv^vasbli^, 
the second bjf .WaiiMbu.ey; and.thia Ust, tboi^h it 
retailed bp|.h t^e defects just bi^iiai^, is resiark- 
able for tbe elegance of tb^ demonstfatiooi. It ex> 
tended the problen to tbe ^^Ution of th^ Earth's 
axis, and it treated of the dimiaution of the obl)< 
quity of the ecliptic by the action of the planets. 

A memoir by La Grahob, on the Libratiou of tb^ 
Moon, which was prowned by the Academy of Sci- 
ences at Paris, in I IQQ, contained an e^ellent soI)|- 

. tion of the problem of the Frecessioq. 

SiupeON, iti bis Mi»ctHaneou» Tracts^ has gtven the 
solution atready referred to, whlqli is one of grea( 
simplicity aiA torrectness. lis Only de^t is, that it 
does nctt clearly point otit tbe means by which the 
uniform inclination of the Eflrtji's axis is muntain* 
ed. 

, AJMttlter very (il^nt lolutiofi, i^ tJwt oS Faisf above 
referred to ; Tke^ria Diunii MaiHt, Q^crn, torn. ii). 

p. 292. 

{jA Lakds has followed Sihpson, u ba* also Vines, iq 
his Aetroimt^, The latest solatioB is that of Frofet- 
»or Boi^KRTaiuf of O^fford, ffiH- TritM. )807 i it is 

SISQ 
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kU6 after ffae method of Simpsoit, and the iDvestigd- 
fjon is accurate and concise. 

'the solotion of La Placb, in the Mecantque Celate, 
Most be considered as the most perfect, and that 
which tail most certalnljr be said to ihclude, and to 
Mtim^ with accuracy^ all the causes which have a 
share in this phenomenon. There is, however, one 
defect 4t maj be said lo have, that as it proceeds eiil> 
iirely by the Valculus, it does not suiSciently carrjr 

- ih«' btUghMlkW akibg tkith if . 



X9 . . Sect. 
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Stcr.'Vlil. 



6t fHE TIlJES. 



327. 7h£ alternate rise and"^!- ot tbC'SUrfacC 
of the sea twice in the course of a lunar day, or of 
S4'' 50^ 48*^ of mean solar time, is the phenome- 
non Icnown by the aatne of the Tides, 

The time from one high-water to the next, is, at a' 
n^ean, ISb 25^ 34<nc. The instant of low-water i> 
nearlj, bnt not exactly, in the raiddle of this ioter- 
val ; the tide, in general, talut^ nine o;; ten nii- 
nute* more in ebbing then in flowing. 

At the time at new and fdll Moon, the tide ia the' 
highest, and the interval between the conseeutire 
tides is the least, y'le. IS^ I9^f»«=. At the qua- 
dratures, or when ' the 8*0 aad Moan are 90° di^ 
•tant, the tides are the, least* aqd^be interval be- 
tween them is the greatest, Tix. I2^3i)ni7»ee, 



328. The time of high-water is mostly regula- 
ted by the Modo, and in general, in the open sea^ 
.IB from two to three hours after that planet has 

been. 
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feeeri on the trieridian, either aboVe or Under the 
hfiHzon. - 

On the shores of the larger continents, and where 
ihere are shallows arid obstructions, there are g^t 
irregularities in this respect, and when these ex- 
ceed six hours, it ^noy; spem «a if the high-water 

. preceded the MponV transit OTer the meridian. 

For any given place, Ihk hour of high-water is alwa^ 
nearly at the. same Stance from tfiat of the MoOn^s 
. passage OTer the meridiaji. 

This constant dependence dti the IVfoon, is the reason 
why the tides are considered as astronooaical phe* 
nomena. 

Sfip. Though the tides fieem to be chiefly regu- 
\fLted by the Moon, they appear also,, in a certain 
degree, to be under the influence of the Sun. 
Thus, at the syzigies, when the Sim and Moon 
conie to the meridian together, the tides, cctferis 
paribus, ate the highest; at the quadratures, or 
when the Sun and Moon are 90'' distant, ihe tides 
are least. The former are .called the Spring, the 
latter the Neap Tides. 

The highest of the Sprirfg Tidea is not the tide that 
immediately fttllows the syzigy, bat is io general 
the third, aod, in some cases, the £>arth. 

X 4 At 
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..At Bm^ ihe t«M* «f tbe.;^gi«.tjse to i&31f 
feet; and these of tbe ^adratiire» to 9.151,' not 
quite the half of the former quaatltjr. 

In the Pacific Ocean, the. rise, ii^ the first case, is & 
feet ; in th« second, 3 of 2.5. 

- ^e gre«t«r the rlM of hrgh-water 'above the level of 
'8 fixed point, the greater the d^rOwkw eOAie cor- 
responding .low-water relativeljr to the «unej>qiot. 
To estimate the height of the tide, it seems best to- 
take the excess of the mean of the two coDsecutive 
high-water marks, ahove the intn'mediate low-ws- 

/: tcr: Tbis ia1hdDMtb«d of La Fuce. ' 



S30. The height of the tide is affected hy the 
vicinity of the Moon to the Earth, and increases, 
eaieris paribua, when the parallax and apparent 
diameter of the Moon increase, but in a higher 
ratio. ' 

The greatest Tariation of the Moon^a semidiameter 
above or below the mean is about -^i-th of the 
whole, and the corresponding variation of the tide 
at the sjzigies is Vcth of its mean quantity. Syi- 
Ume du Monde, p. 77. ' 

SSI. Tberiscof tbe tide is- affected ty the de- 
clination of the luminaries ; it is gre&tfcst^ cxttris 
paribus^ at the equinoxes, and least at the solsti- 
ces. 

When 
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PHKUCAl AfiTROilOMt. ^HQ 

Vlifbtn t^.Mow i*-iBitb« oovtbMB tigos^ fbe tide o/ 
tlie Aay, IB all 'norlbem latitudes, is MHnevIiat 
greater thai the tide ()f the oigirt. 

, .Xie cwtr^ry .)i^^n& whien tb« Mo«b » in the soutb- 

cni signs. .j _ , ■: - , . ■ '; 



^S%. -Iftfae tideslJe'coBsidered rektiTely to the 
irbole' Earth,, and. to the open Sra, it is evident^ 
tbat there ts a meridian, abont aO'easCward of the 
Mo«], where it is, always iiigb.wateT,.both inthe 
bemisjibere whe^o^thc Moon is, rad in the oppo- 
site ; on the west side of this -circle, the tide 
is flowing ; on the east, it is ebbing ; and on 
the meridian^ at right angles to the same, it is 
everywhere low, wfiter. 

These meridtans ttiove wesftrard, ^pres^ving nearljr 

the same 'distance. &om the Moon, only apptoaiix' 
ing nearer t»lier at tht a7zigief^,and goiqg farther 
off ait the qundratareK 

tn high latitudes, whether poQtb or north, ik» rise 
and fall of the tide are inconsiderable. It is pro- 
bable that at the poles there are no tides. 

The great Wave which,. in this manner, constitutes 

the tide, is to foe considered as an undulation, or re- ' 

oprocation of the waters of th^e ocean, in which 

Acre is, except when it passes over shallows, or ap^r 

proacfae» 



DiailizodbvGoOglf 



8SSt outlines' of N'ATUllAt PHIt'OSOPMY. 

jiroacbes the §hore^,' Httle o^ ae progreAire 6m/-' 
■ Ikm. ■ 

In all this, do regard is had to the operation of local 
cauies, winds, cUirenti, &c. b^ .wfiich these geoeral 
laws are modified, or overruled. 



333. The dependence of the phenomena jast 
enumerated on the metton of the Sun* and M(x»i,' 
natitrallj suggests an inquiry into the effects 
which the action of these bodies may: produce on 
the waters lyhich coTcr so krgea proportion of 
the Earth's surface*' 

334. If tii be the mass, and a the distpnce of the 
Sun, r the mean radius of the Earth, z the dis-^ 
tanee of the San from the zenith of any place (or 
the distance of that place from the point to which 
the' SUn is vertical) a particle of! matter at that 
place is drawn toward the Sun by a force equal 



This is derived from the resolution of forcra, io the 
same way as when the Sun^a action on tue Moonr 
Was investigated. 



=d by Google 



PHYSICAL AStftONDMY. 3SI 

^i/fhen the poAt ts in tbe hemifphere opposite to the 
Sbdj c08£' becomes- negsfiVe, so that the force 
draws the particle from the Earth in a direction 
opposite to that which it has in the other hemi- 
sphere. 

If m' be the .mass of the Moon, a its distance IVom- 

.. ,tfae Earth, »' the distance of the Moon from the 

z^itb, the forces by which the Moon aifects the' 

gravity of bodies oil (he Earth's stirface, is eXpres'* 

sed by flie sanie formulas. 

395. The preceding force may agfein be resol-^ 
ved into two, one of which, in the direction 
of the Earth's radius, and Opposite to gravity, is 

— ,— cos z*t and, with that already menticined. 



as increasing gftivity, viz. — y- , makes die whole 

force by which the Svra'a actSotl 'diminishes gravi- 

; . , 3mr<:QS2^ — mr " 

ty, to be V ^-.■ 

. ■**.■,..■.■.- 

,. Thf other force, draws the particles everywhere ho- 
lixcintally toward the pmnt'that has the Sun In its 

* zenith, and is f^nal to -a^ sin 2 z . In the he- 
misphere 
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. . . mu^Mrs offpocite U .^ Svn, thu tatti^Mtiiiii is id- 
■vmtA 4be ptmi .whMi has -the Bua in Its ntMr. 



S56. If the surface of the Earth be covered by 
& fluid, the parts will itiove in obedience to these 
forces ; those cofumns, wHfere the Sun' is vertical, 
will be rendered lighter, and will be le^gthenedy 
in order to be in ■eguiiiAria with these at the dis- 
tance of 90°, which will of .course bt ^hortea^ 
ed. . 

: 7be tvtnt Hang «3not)j will ^fq^WB ia the oppodfe 
bemiephere ; And if the w^n on Che ^actb's sur- 
face were at rest, the Ocean would form itself inttf 
oA oblong spheroid, with its longer axis passing 
through the attracting body. Wben there are tw<r 
attl-acting bodies, theif effects will most nearly e6- 
inCide, when they are nearest to^ Olie asother ; «ai 
will be eqtwt. Ut the sum of tb« furo eSet^ tttkea 
sepamtely. When they are 90^ distant, the effi?cl 
jwoduoed irill bf tl^e fl^e^^n^e c^.the separate ef- 
fects. This is Newton's explanation t^ the tides. 
He calculates the meaii.forc£by.ffhicb.the Sun dU 
minisbes the force of gravity at the surface, as 
equal to one 1386830O part of gravity. Hence he 
deduces the longer axis, and the greatest rise of 
the tide produced'hy theSan «t>9.S:iaches. De 
SyslevuUe Mvndi. C^^ra, torn. iii. p. il2, A Af- 
ferent detertnitaation b 'given in U>e Princtpia, 
1%. tfi. prop. 36. 
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.-The force dmwJDg the wafer horizoBlMj u not 
iachidid'heFe; ka tmdeiwy is %o iacreass the ef- 
fectjunt cal^uJated. . . 

fhe force — . by which the solar force everywhere 

. increases grar^ty, , need not be taken into accountf 
^nd d«es not affect the equilibrium of the wa- 

T'fae height to whlpb the'sfea would thns rise at higb- 
Wbter, above- the level which it would stand at if 
acted on by gravity alone, ia twice as great as its 
depression under that level at low-water. This is 
easily dentonetrkted from the content df the sphe< 
roid temaining always the same. ' ' 



3S7< TkepTveeding is suffioieiit to shew, that 
the pheiiofDMia of the tjdes are .effects that might 
be expected fitnn the jnincipte of gravitation. This, 
however, is an approximation from which exact 
measures cannot be obtained, since a tnaterial 
ptement has been left out, namely, the motion of 
the water, on which the forces of ihe Sun and 
Moon are exerted, 

33B. The rapid motion of the waters, in conse- 
quence of the diurnal rotation, prevents them from 
assuining, at every instant, the figure which the 
equilibrium^ 
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eqailibrwm of the forces actiDg>on tbem'^toiddYe^ 
quire; flo'that they oscfllateconitihuifMy, alter- 
nately approaching to that figure, bn^' receding 
frpm it ' 

T'o resolve the problem of the tides, including the 
f;ondit!on of the diunial motion, is a matter of 
great difficulty, and requires all the latest improTe- 
ments of the Calculus. La Placb is the only one 
who has ventured to undertake it, and he calls it 
" le Probleme It plus iptneux de toute la Mecamgut, 
f CeUsteJ" Exposflion du Sj/st. d^ Mondf, chap. 10. 
p. 248. edit. tAf. Hia soliitjoa agrees with the 
filisnomena ^or£ pearly than, could be expected, 
considering that the contioui^y of the Ocean iq 
much interrupted by the land, and that thit, toge- 
ther with the inequalities in the depth of the sea, 
the friction against the bottom and sides, &c. ar« 
all causes impofsilile to be submitted to analvsi;. 



339. The oscillations e3w:ited in the Sefi, by the 
force of the Sun, and by that of the Moon, are 
4milar to one another, and are so combined, 
that each effect takes place in its full amount, in- 
dependent of the other. 

The law which connects the rise and fall of the tide 
with the time at any place, is expressed by a geor 
petrical construction. 

340. Let 
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340. Let AB, (fig. 3S.) be cbe total Hbc of the 
tide at any place ; and lei the oircle ADBF be de- 
scribed on it. If we sappose this circle placed 
tvertically, with the point B at the level of low 
water, the tide will rise or fall over equal arches, in 
f qual times j that [s, if the ar;ches BD, DH, HA, 
be equal, the times in which the water will rise 
from B l^ D, from D to H, §f.c. will be equal j 
pid the same in the ebbing of the tide. 

Mecanique Celeste, torn. ii. p. 2S1 . 

If the arch BD be proportionnl to the interrftl be- 
tween any instsot and the time of low-water, BE 
the versed sine of that arch, will be the height to 
which the water will have rinen. 

Near the hi^h an4 low wpter* the dxfTereaces of the 
depths from those of the high or low water, aTje 
83 the squares of the times. 

341. The total rise of the water jn the tides of 
the syzigies, is to the total rise at the quadratures 
nearly as S to 1 ; and hence the eifect of the Moon 
js also nearly to that of the Sun as 3 to 1. 

This is known from observation, and bepcf the masq 
of the Moon, in respectof thatof the Sun, andcon- 
■equently in respect of the mass of the Earth, may . 
befoiind. 
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For siacfi ~ aad — ore u tfte forces of the Sud wfi 
a* a'* 

Mom oa the w«tan •fdw Ssd ^ ' ^ ::l:-&; 
(Uid therefore ui' = %^!^ . m" is ttu» *wn"I 
— -gs-r, il>« nus of the Garth b«iDg 1, 



342. The two tides immediately following on? 
another, or iKe tides of the day and of the night, 
should be very unequal when the Sun and Moon 
are distant from the equator, if tl^ theory of the 
spheroid, g 336, were just. They ape, however, 
nearly equal ; and this has been shewji, by La 
Place, to be what must necessarily happen in the 
oscillations of a sea of uniform depth; 

The depth of the Sea is therefore nearly, the sunp 
throaghout, or, though not exactly the same, there 
is a certain mean depth, from which the dfviaUoas 
are not considerable, if we take in a large extent aC 
ocean. If tlua w«re sot the eue, tbe consecttire 
tides would not imvow^ w new to-e^mliljy ai 
(hey actuaHj do. 

. 343.,Grcat 
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r ' iiS^ Osewt.«3MBt q: Wecdmtfh: ^ w^.^at the 
■^ Gba^d b& sansi^l^ affcoOed t^-tibeactiea'of the 
StHt and M«oti ; fiit ix i»:<»dy^ by fihe-msqfdality of 
ilhafc action, on dHfcrent pattsof fee mSss-Af wa- 
"ters, tfcai their equtlibrfom is disturbed j alio such 
'inequality cimnot take place, uriless a gr^fit extent 
prsi^face be included... 

■ ■ TBeTftlhe fthwftt'r, in tlte preceding formnHis, W- 
lionging'td'diSkrent parts of the somft sea, must b^ 

'- ■ ■ ' taasytexabfy- different, in order that an osdllatioif 
(^'tbewateis m^ be prodnted. The rame^is true 

'of &e horizontd force, of which' sin3^ is thti 
multiptier. This last is at its maximum at fbe dis- 

' tBDce of 43 froni the^ point where the attracUng 

" fciody ishi tReaJemfti.' ' ' ' 

I:..-.-. . ■■:■ ;.■;(-_...■, 

■:^ ^i,TUp,ti4^ whic^.^ft ^a^sferjsnc^ ip nar- 
iWiaew* and;TO;.sJi9fiesifftri:froj» tbfeim^ipbndj of 
i1^«bea&,^i)e n<M pi;oduced..tn thfififtaoafl by the 
dnNot'sciidtr of 8he' himtitaksihot'are wmns pro- 
pagated froni the p-eat diirnat- iSa^ifltftibw, and 
fnoving with much less velocity. 

OS tMa, i^e tides in ^e Gremuui Sea, and on the 
* ■ Masts of Britain, ace remarkable examples. 

^ --The high-water transmitted from the tide in the At- 
lantic, reaches Ushant between three and four 
hours after the Moon has passed the meridian, and 
its ridge stretches NW, so as to fall a little south of 

v»i.ii. y th* 

I 
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the coaat of Ireland^ Thi« wave soon after iQfidea' 
itielf into three ; one part' pautog op the British 
Cbanoelf another ranging along the west side of 
Ireland and Scodw^'and the third entering the 
Jr'uh Channel The first of these flows throb^ 
the phannel at t^e rate of aboyt $0 miles ^Jbav, 
Bp as ^b pass tSrough tike Straits of tioyer,, and to 
. reach the Nore about twelve at mgfxf. ^e se- 
, cond, being in a more open sea, more^ with more 
lapidjt;; by.aix it has reached (be north extriemi' 
tjr.of the Irish <^ast ; abouf nine it has jjot to the 
Or^ejr Islands, and forms a ridge or, ware 'extend- 
ing due north ; at twelve, the sunu^t of the same 
wave extends ifrom the coast of Buchan eastward 
^^he Naze of Norway} and in twelve hov^ nnore, 
it reaches the Nore, where it nfeets |tfi^,i|i^Dn)ing 
tide, fbat left, the mouth of the Channel ^j ei^ 
hours lKfoi;e. Thus these two tides travel r»nnd 
Britain in about twenty-e^ht hoursp in wJttichtime 
. the primitiye tide has gone rouad the vbole cir- 
cumjEffonce of the EArth, and nwc)y.45 d^igrees 
more- Yoono''s Lectarw on Natural PkUoaafhgi 
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'Tbus h is' found, that the laws of motion, and the gene- 

'' ral properties of matter, are the same in the Heavens 
aiid on the Earth ; that the elliptical motions of the 
planets, both primary and secondary; the small de- 
viations from those motions, whether In the places of 
the planets, or in the form and position of their or- 
bits ; the facts which concern their figures, their ro- 

, tation, and the position of their axes ; and, lastly, the 
oscillation of the waters which surround the i^artb, 
are all explained hyone^nnci/)/^,— That of the mutual 
Gravitation of all Bodiesj, with forces directly as their 
quantities of matter, and inversely as the squares of 
their distances. The existence of this force, it 

■" _ nbouTd be observed, was not assumed as an hypothe- 
sis, but was dedijced a» a necessary consequence from 
the general facts or laws discovered by KsPLBit. 

We have thus arrived i^ the knovtedae' of a pnnclple, 
Trhich pervades all Nature, and connects together the 
most distant regions of space, as well as the most re- 
mote periods of duratidn. It is a principle also of 
ungular simplicity. Spherical bodies, made up of 
^{nrticles, attracting according to this law, attract one 
fuiother according to the same, whicfa could not bap- 
, PW> if tbe attraction pf the partida decreo^d in ^ny 
other 
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Dlker A«n fltt inywse catio «f tlieM(iHres«f tfe dif. 
taoMi. 'Hw exprenioB for tbefocce whkk thJE law 
' ikfibrds, viz. ^e quantity of Boaltcr, 4ividad by the 
square of ^ka distance, ia a ^lioe, <a a magntwie o£ 
(HI* diioewtiMi, ac ihe «xpreuioD of a -twee mnt al- 
fvafB be when reduced; to. tbfe iitoiM^ itiipliritj 
Lastly, The lines described bj two bodies attracting 
ene another -aceording' to tlus law, are aht^p of the 
second (MYler. 2}o other law could give the sam&fiim' 
fiieitj to the celestial titotioin, ndr is it W^lf tfaaf 
any «Be could produce the eiiaie stability. 

(jrraritation, nevertiieless, is not cooceired bj ijb as a 
property essential to matter ; there may he many 
pther laws equally possible, and the ^ove con^idtni. 
lioDs point out the law actiially exbting, as One that 
h^ beeq p>ut(if aelecled out of an infinite number. 

. Is there, then, any physical cause, yet more genera)^ 
into which Gravitation may be resolved ; or is it an ut 
' titnate fact, beyond which our Icnowledge cannot ex- 
tend ? If wft look at the 01 sycpess of fhe attempts 
hitherto made to explain grpitation, we shall be dig- 
posed to embrace the latter opinion, and to apply the 
maxim of Bacon : " Est atitem teque imperili tt levi- 
ter phUwophantit in ntaximt umversaltbua counfm regui: 
^ TCf^y ac in tubordmatia et auttgllerttiii cauaam ntw JendC' 
rtce-" .Nov. Org. Uh. i. cap. 48. ' 

FT, bti'ttife titl^er ItBtld, we consid^ liow many'^ennt 
- "^yta 'ieita-to 'regiJlatc I9ie-Q^er ^oobtnetis •Hf the 
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'' mteiial'Vrarldj « fa ttw action of Impilie, pdktaion, 
Glutiintj', GbetniMl AffiDity, CiyBtdUsstioB, Heat, 
Ligkt, Magnetum, Electricity, GalrsBiam, Ibe ez- 
iateasB of a principle nwregeBM^ than amy of . these, 
•ad omneoting all of tjiem iriUt tkat of 'Grantfttim, 
^icars UgUy protiaUe. 

fThe ducsvery of this great priatcii^ may be an iioaoiir 
reierred for a fntiu*e age^ and Science may sgain-hare 
p> record nwnes wbicb are to stand pa tba une le- 
vels vith thote of NcwTov mhI la. Plmw. About 
such ultimate attainmeDts, it were unwise to be «Uf- 
' gmae, and unphilosophkid tQ despair. 
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ERRATA IN VOLi II. 

Page 26. Jine S fir Andnmud*, read Andmncdc, 

M. 6.firHtead* 

id. I.fir 3 rtad a 

19. IT.Jor co*^ re«l ^y 

id. Sl./«r houru^le, naddattttliMbBacvi^tTS. 

til. 9 A. 1^ fir BmiacLT read Buncinr 

24& 16. >r O real 6 

SIS. 7. /»- Q fcoi E 
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DIRECTIONS 'to THE BINDER. 



Vol. II. has four plates. t«ilie-plM«<tAt therad) lb tbie 
order of tlK ^t^gOTM. 
Plate I. contaiaa ttom fig. I. to 6g, 7.' 
11. Pig. 8. to fig. 14. , 

III. Fig. IS. to fig. 22. 

IV. Fig. 23. to fig. 2*. 
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